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A MONOGRAPH OF THE EXISTING CRINOIDS.

By AUSTIN HOBART CLARK,
Curator. Division of Echinoderins, United States National Museum.

STRUCTURE AND ANATOMY.

RAIIIAI.S : Continued.

[Fart 2 of volume 1, Bulletin 82, is a direct continuation of part 1 published
in 1915, taking up the discussion of the structure and anatomy of the unstalked

crinoids at the point at which it was left in 1915. In this part the introductory
matter is concluded.

For assistance in the preparation of the following pages I am especially indebted

to Dr. Hubert Lyman Clark, who had the kindness to read through the entire

manuscript; to Prof. William Morton Wheeler, who was so good as to examine

for me the section dealing with parasites and commensals; to Prof. Charles

Branch Wilson, who revised my list of parasitic copepods; to Mr. William F.

Clapp, who revised my account of the parasitic Mollusca; and to Dr. Henry A.

Pilsbry, to whom I submitted my list of commensal barnacles. Mr. Frank

Springer has, as before, kept constantly in touch with the work as it progressed,
and I am deeply indebted to him for a very large number of most helpful sug-

gestions indeed, whatever merit there may be .in those portions dealing with

crinoidal morphology is very largely the result of his advice and inspiration. I

am also under obligations to Dr. Herrick E. Wilson for his kindness in reading
the greater part of the manuscript, as well as for numerous suggestions.]

Articular Faces of the Radials.

No detailed comparative study of the sculpture of the articular faces of

the radials has as yet been attempted; in fact, only three authors have even so

much as mentioned them. W. B. Carpenter in 1866 described minutely the con-

ditions found in Antedon bifida; P. H. Carpenter in 1888 figured and described

them in such species (distributed among several families) as he was able to

dissect; and C. Hartlaub in 1895 and in 1912 published some additional facts

concerning them based upon his study of various species from Panama, the

Galapagos Islands, and the West Indies.

Yet a detailed and accurate comprehension of the characters of the articular

faces of the radials is essential in the study of the comatulids as a whole, for

in very many cases the fossil species are represented only by specimens consist-

ing of the centrodorsal and the radial pentagon, and without a true conception
of the fundamental and diagnostic features involved, and of the limits of vari-

l
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ability, all attempts to correlate these fossil forms with their recent represent-

atives can be little else than pure guesswork.

Unfortunately, I have not been able to examine the radial pentagon of

nearly so many species as I would have wished, nor have I been able to examine

large series of specimens except in a very few instances, and it has therefore

been impossible for me to arrive at many conclusions of a real and permanent
value. A great many facts have been brought out, however, which show the

importance of this line of work, especially in its bearing upon the fossils, and
it is greatly to be hoped that every student of the comatulids (as well as of the

stalked types) will seize every opportunity to make dissections of such species as

may be available so that data may gradually accumulate whereby the true system-
atic importance of the various features of radial joint face sculpture may prop-

erly be appreciated.
It has seemed best to unite in one place the detailed descriptions of the radial

articular faces of all the species which I have been so fortunate as to be able

to examine. This will render them much more readily comparable with each

other than if the descriptions were incorporated with the general descriptions
of the species, and at the same time will facilitate their use in connection with

the fossils. Furthermore, for purposes of identification and determination the

external characters are the ones upon which reliance is chiefly placed, and it

seems therefore inadvisable to burden the systematic descriptions with a do-

tailed account of internal structures. I have included, however, in the descrip-
tion of each species of which I have been able to examine the radial pentagon
a synopsis of its salient features in order to indicate the correlation between

these internal and the more familiar external characters.

The most generalized type of radial articular face, and that toward which

the radial articular faces of all young specimens converge, consists of a large,

deep, semicircular dorsal ligament fossa, in the middle of the anterior (ventral)
border of which, just under the transverse ridge, there is a circular or transversely

oval, usually somewhat sudden, excavation, known as the ligament pit, which

may involve a portion of the proximal (dorsal) side of the transverse ridge in

its formation; beyond the middle of the transverse ridge, which is high, is the

large opening of the central canal, surrounded by a raised calcareous platform
on a level with the transverse ridge which is continued laterally so as to form
a ventral border to the ridge; on either side of the central canal lie the inter-

articular ligament fossae, which are typically isosceles triangles with their bases

resting on the transverse ridge: beyond these are the large distally rounded
muscular fossae, the area of which is at least as great as that of the interarticular

ligament fossae; these are separated interiorly from each other by a high narrow

ridge joining the platform about the central canal (which is raised so high
above the lower apices of the muscular fossae that the central canal appears to

lie in a sort of tube or tunnel) which decreases in height, at first very rapidly
but later more gradually, until distally it sinks to the level of the adjoining
fossae; a slight notch separates the distal edges of the muscular fossae interiorly.
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The articular faces of adjacent radials are separated from each other later-

ally by a narrow groove, which usually is closed distally by the apposition of

the outer edges of the muscular fossae.

The plane of the joint face as a whole typically makes an angle of about 45

with the dorsoventral axis of the animal; if the radials become nearly or quite
horizontal this angle decreases so that the plane of the joint face becomes almost

or quite parallel to the dorsoventral axis; but conversely it inclines more to the

horizontal if the radials slant upward and outward as in the pentacrinites. The

proximal portions of the muscular fossae slope inward so as to make an angle
of about 90 with each other.

There are two lines of divergence from this generalized type (1) there may
be an increase in flexibility at the articulation, inducing a corresponding modi-

fication of the joint face, or (2) there may be a gradual decrease in flexibility,

reaching a maximum in a practically immovable union.

The first line of divergence is rare and is only found among certain 5 or 10 armed

species belonging to various macrophreate groups, such as the Pentametrocrinidae

(figs. 114, p. 67, and 1006, pi. 4), the Atelecrinidse, and the Heliometrinae (figs.

95, 97, p. 62, and 997, 999. 1000, pi. 4) and in the young of certain other types.
It is characterized by a great increase in the size of the muscular fossae, coupled
with more or less reduction in the size of the interarticular ligament fossae, and
a marked deepening in the sculpture of the joint face as a whole.

Instances of the second line of divergence are much more common, some

progress along this line having been made by almost all of the oligophreate and

by many of the macrophreate types. The first modification noticeable is a dimi-

nution in the size of the muscular fossae, which may become narrow laterally as

in the Thalassometridae (figs. 69-75, p. 43) and in the Charitometridae (fig. 76,

p. 53, and figs. 984-993, pi. 3), or very short as in most of the other groups

(figs. 25-38, p. 20). Shortening of the muscular fossae is correlated with a de-

crease in the size of the dorsal ligament fossa, which becomes transversely semi-

elliptical ;
an increase in the size of the interarticular ligament fossae, which almost

always develop an obtuse angle on their inner margins (figs. 39-50, p. 26) ;
a

progressive shallowness of the joint face sculpture, the intermuscular ridge at

the same time becoming an intermuscular furrow; and a flattening and eversion

of the joint face as a whole, so that it becomes more and more nearly parallel
with the dorsoventral axis of the animal. This line of development leads to a

joint face more or less parallel with the dorsoventral axis of the animal, showing
a narrow semielliptical dorsal ligament fossa with a transversely linear shallow

ligament pit, two approximately square interarticular ligament fossae internally

separated by a shallow furrow about as wide as the central canal, and very nar-

rowly linear muscular fossae, or even no muscular fossae at all. The relief of

the joint face is now so shallow that the rim or platform about the central canal

and along the distal (ventral) border of the transverse ridge is not evident.

In connection with the following detailed account of the radial articular faces

of the comatulids I have included reproductions of all the figures which have been

published by previous authors. It has seemed best not to attempt to include de-
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scriptions taken from these figures in the text on account of the possibility of error

in the drawings; and for the same reason I have refrained from making com-

parisons between these and the drawings made by Miss Dandridge under my
supervision.

COMASTERID^}.

The articular faces of the radials lie in planes nearly or quite parallel to the

dorsoventral axis of the animal.

The excavation of the various elements of the joint face is very slight.

Just ventral to the transverse ridge there is a broad flat area, narrow laterally

but centrally increasing in height so as to encompass the central canal; anteriorly
this sinks almost imperceptibly into the interarticular ligament fossae.

The elements of the joint face on either side of the transverse ridge are usually
on the same plane, but the dorsal ligament fossa sometimes makes a slightly

greater or lesser angle with the dorsoventral axis than the distal elements.

The dorsal ligament fossa is almost always lower than the interarticular liga-

ment fossae, and its proximal border is more or less flattened; the ligament pit

is strongly marked, broadly oval, larger than the central canal.

The central canal is broadly oval and rather small.

The joint face elements distal to the transverse ridge and the central canal

are separated by a broad and shallow intermuscular furrow which is usually con-

stricted between the muscular fossse.

The distal border of the interarticular ligament fossae is straight, or slightly

convex : it is commonly parallel to the transverse ridge, but it may be slightly
lower interiorly than exteriorly; more commonly it is slightly lower exteriorly
than interiorly.

The muscular fossae are small, always smaller than the interarticular liga-

ment fossse (usually less than half the height of these), transversely elongate
with nearly or quite parallel distal and proximal edges and a projecting distal

outer angle; the distal edge is horizontal, or, if it is somewhat convex, the chord

of the convexity is horizontal.

The ventral face of the radial pentagon as a whole is bluntly stellate, the

radial incisions being usually less than one-third, never more than one-half,

of the distance from the center to the interradial apices.

The ventral plug is well developed, with a flat or slightly concave surface

which is nearly or quite on a level with the distal edge of the muscular fossae;

it almost or quite conceals the inner surface of the radials. The radial canals

are very broad
;
there is no free central canal.

CAFILLASTERINJE.

The following features appear to be characteristic of the radial articular

faces of the species of Capillasterinse.

The interarticular ligament fossae are much broader than high.
The distal border of the interarticular ligament fossae is usually lower ex-

teriorly than interiorly.
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There is a more or less abrupt change in direction between the outer edge
of the interarticular ligament fossae and that of the muscular fossae, the latter

projecting more or less outward.

The muscular fossae do not extend inward beyond the inner distal angle of

the interarticular ligament fossae.

The muscular fosses slope more or less downward from the center of the

joint face to the periphery.
In addition to these characters the centrodorsal usually bears more than one

row of cirrus sockets. If only one row is present the sockets composing it are

more or less isolated and irregular in position.

COMATELLA NIGRA.

FlgS. 1, 2, p. 6.

The dorsal ligament fossa is narrow, nearly or quite five times as broad

as high, the proximal edge mostly parallel to the transverse ridge but curving

upward somewhat strongly at either end.

The articular faces are separated in the interradial angles by a moderate,

slightly rhombic, groove. The transverse ridges of adjacent faces are entirely

separated.

The lateral edges of the interarticular ligament fossae retreat rapidly from
the ends of the transverse ridge, with which they make an angle of approxi-

mately 45
; just below the muscular fossa? they turn upward and outward rather

sharply. The distal edge of the interarticular ligament fossae rises inward from

the outer distal corners until a height is reached which is about half again as

far from the transverse ridge perpendicularly as is the distal outer corner. From
this point the anterior edge makes a broad curve inward and downward, pass-

ing over into the parallel inner edges of the interarticular ligament fossae. These

parallel inner edges are separated by a broad shallow furrow, which may have a

low, rounded, median convexity indicated, which is about as broad as the trans-

verse diameter of the strongly oval central canal, from which it is separated

proximally by a narrow ill-defined rim.

The muscular fossse are small, rounded triangular in shape; their lateral

edge makes a right angle with the lateral edges of the interarticular ligament

fossae, but soon curves upward and inward rather sharply, then running inward

almost horizontally or slightly downward, almost straight or slightly convex,

to a point slightly over one-third of the way across the distal edge of the articular

face, where it becomes suddenly decurved to the distal border of the interarticular

ligament fossa, terminating the muscular fossae in a rounded apex interiorly.

The center of the radial pentagon is occupied ventrally by a scanty loose cal-

careous deposit which barely conceals the rosette from ventral view; the ventral

sutures between the radials are prominent.
Diameter of radial pentagon at base, 8 mm.

; height of articular face, 3.3 mm.
;

width, at transverse ridge, 6 mm.
;
distance from center of rosette to middle of dorsal
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FIUS. l-li;. ItAUIAL 1'ENTAGONS 01' VAMullS UuilATULIDS. 1. C'OMATELLA NIGRA, LATERAL VIEW OF RAUIAI.S

AND CBNTKODOBSAL. 2. SAME, VENTRAL VIEW OF BADIAL PENTAGON. 3. NEOCOMATELLA PULCHELLA,
LATERAL VIEW OF K.UH.U.S AND CB-NTRODORSAL. 4. SAME, VENTRAL VIEW OF RADIAL PENTAGON. 5.

CAPILLASTEU SENTOSA, LATERAL VIEW OF RADIALS AND CENTHODORSAL. 6. SAME, VENTRAL VIEW OF BADIAL

PENTAGON. 7. CAPILLASTER MULTIRADIATA, LATERAL VIEW OF RADIALS AND CENTRODORSAL. 8. SAME
VENTRAL VIEW OF RADIAL PENTAGON. 9. NEMASTER DISCOIDEA, LATEEAL VIEW OF RADIALS AND CENTRO-
DORSAL. 10. SAME, VENTRAL VIEW OF RADIAL PENTAGON. 11. LEPTONEMASTER VENDSTDS, LATEKAL
VIEW OF RADIAL.S AND fENTIIODORSAL. 12. SAME, VENTRAL VIEW OF RADIAL PENTAGON.



MONOGRAPH OF THE EXISTING CKINOIDS. 7

outer edge of radial, 3.8 mm.
;
distance from center of ventral face of radial

pentagon to middle of ventral outer edge of radial, 3 mm.
;
to angle between radials,

4.8 mm.
COMATELLA STELLJGERA.

See figs. 950-952, pi. 1.

COMATELLA MACTTLATA.

See figs. 953, 954, pi. 1.

NEOCOMATELLA PTJLCHELLA.

Figs. 3, 4, p. 6, and 955, pi. 1.

The dorsal ligament fossa is narrow, about four times as broad as long, some-

what blunted at the lateral angles ;
the lateral edges of the interarticular ligament

fossae may retreat at first rather rapidly from the transverse ridge, but, gradually

curving, at the distal corner these edges make only a small angle with a line perpen-
dicular to the ventral surface of the centrodorsal, or they may be only slightly
concave.

The interarticular ligament fossae are squarish to nearly one-third broader than

long, with the distal edge turned outward, horizontal, slightly and evenly convex,
or sloping slightly downward from a point about one-third of the distance from
the inner corner. The inner corner is broadly rounded so that the inner edges are

parallel, about as far apart as the diameter of the central canal. Just before or

just after the consummation of the curve of the inner distal angle the projection
of the distal edge rather suddenly disappears, so that the inner lateral edges are

scarcely raised above the general surface of the broad shallow groove which sep-
arates them.

The muscular fossae are approximately twice as broad as high. They are sep-
arated basally by the continuation of the broad shallow groove which separates

inwardly the interarticular ligament fossse. The floor of this groove, at first flat,

at about the middle of the interarticular ligament fossae begins to be slightly con-

vex, and where it passes between the muscular fossae to the ventral surface of the

radials, gradually curving so as to become parallel with the latter, it may become
carinate and bear a few long spicules. It leaves the plane of the radial face and

begins to curve downward (in reference to the latter) at about the middle of the

inner edges of the muscular fossae; because of its gradual curve at first the exact

spot is somewhat difficult of determination. The outer edge of the muscular fossae

is usually a straight line, but may be slightly concave. It usually makes about the

same angle with a line perpendicular to the centrodorsal as that made by the outer

edge of the interarticular ligament fossae, but reversed, so that it projects outward

making an obtuse angle with the outer edge of those fossae; the outer edge of the

muscular fossae is about one-half to two-thirds as long as that of the interarticular

ligament fossae. The muscular fossae as a whole are usually from two-thirds to three-

fourths of the height of the interarticular ligament fossae, usually twice as broad

142140 21 Bull. 82 3
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as long, sometimes longer, the distal edge convex and broadly rounded off at the

inner, abruptly rounded at the outer corners, in general parallel to the distal edge
of the interarticular ligament fossa, which forms the proximal edge of the mus-
cular fossa. The whole distal edge is convex, but less so toward the outer border.

The highest point is usually at about one-third of the distance from the inner to

the outer edge, from which point the height gradually decreases outwardly. The
internal gap between the muscular fossae is only about half as large as that between

the interarticular ligament fossae.

Ventrally the space between the radials is filled with a spongy calcareous filling,

almost flat, reaching to about the height of the middle of the muscular fossae. The
central canal through this spongy calcareous mass is very small.

Diameter of radial pentagon at base, 4.1 mm.
; height of articular face, 2 mm. ;

width, at transverse ridge, 2 mm.
;
distance from center of rosette to middle of

dorsal outer edge of radial, 1.3 mm.; distance from center of ventral face of radial

pentagon to middle of ventral outer edge of radial, 1 mm.
;
to angle between ra-

dials, 1.6 mm.
CAl'ILLASTER SENTOSA.

Figs. 5, 6, p. C.

The dorsal ligament fossa is between three and one-half and four times as

broad as high, with the proximal edge evenly and gently convex and the lateral

edges truncated and sharply rounded. The ligament pit is reniform, and much

larger than the transversely oval central canal.

The transverse ridges of adjacent articular faces are in apposition, but the

dorsal ligament fossaj are entirely separated from each other.

The outer edges of the interarticular ligament fossae have a general slight

inward slope. They are nearly straight, but curve outward both at the base and

distally. The distal edge is straight, or very slightly convex
;
the outer distal angle

is sharply, the inner broadly, rounded; the inner edges form an S-shaped curve,

coming together just over the central canal, from which they are separated by a

narrow septum with parallel sides. The intermuscular furrow just over the central

canal is nearly as wide as the interarticular ligament fossae at the same level, but it

becomes constricted distally so that between the distal inner angles of the interartic-

ular ligament fossa? it is only about two-thirds of the proximal width.

The muscular fossaj are narrow, about as broad as the transverse (greater)

diameter of the central canal. The distal outer edges are approximately parallel

to those of the interarticular ligament fossre
;
but the muscular fossae may be slightly

broader exteriorly than interiorly. The distal outer angles project considerably

beyond the lateral edge of the interarticular ligament fosses. The distal outer angles
are sharply rounded

;
the distal inner angles are broadly rounded, the inner edges

curving downward to the distal inner angles of the interarticular ligament fossae.

The ventral surface of the radial pentagon is more or less obscured by a loose

calcareous deposit, which in the center forms a broad plug; its surface is radially

striate.
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Diameter of radial pentagon at base, 6.3 mm.
; height of articular face, 2.8 mm.

;

width (at transverse ridge), 3.8 mm.; distance from center of rosette to middle of

dorsal outer edge of radial, 2.9 mm. : distance from center of ventral face of radial

pentagon to middle of ventral face of radial, 1.9 mm.
;
to apex of interradial

angle, 2.9 mm.
CAPILLASTER MULTIKADIATA.

Figs. 7, S. p. 6.

The articular faces of the radials are in general similar to those of C. sentosa.

The dorsal ligament fossa is somewhat more flattened proximally. The inter-

articular ligament fossae are relatively lower and broader, their maximum height

being about equal to that of the dorsal ligament fossa. Their distal edges slope

downward from the intermuscular furrow, making a slight angle with the trans-

verse ridge. Their maximum height is but A^ery slightly greater than one-half of

the distance from the center of the central canal to the end of the transverse ridge.

Owing to the outward and downward sloping of the distal edges of the interarticu-

lar ligament fossae the muscular fossae are narrowly triangular: their greatest trans-

verse diameter is about three times their greatest (outer) vertical diameter; their

distal border is parallel to the transverse ridge; and their distal outer angle projects

strongly. The interradial space between the articular faces is broader than in

C. sentosa, as the outer edge of the interarticular ligament fossae, retreats more

rapidly basally from the ends of the transverse ridge. The ventral surface of the

radial pentagon shows a slightly deeper incision in the radial areas than is seen in

C. sentosa.

Diameter of radial pentagon at base, 4.2 mm.
; height of articular face,

1.9 mm.; width, at transverse ridge, 2.3 mm.; distance from center of rosette

to middle of dorsal outer edge of radial, 2 mm.
;
distance from center of ventral

face of radial pentagon to middle of ventral edge of radial, 1.5 mm.; to apex
of interradial angle, 2.2 mm.

XEMASTER RTTBIGIXOSA.

See figs. 056, 957, pi. 1.

XEMASTER DISCOIDEA.

Figs. 0, 10, p. 6.

The dorsal ligament fossa is very narrow, about four times as broad as high,
with the proximal border evenly curved. The ligament pit is reniform, narrow,
rather longer transversely than the greater (transverse) diameter of the oval

central canal.

The transverse ridges of adjacent joint faces are separated from each other

interradially ; the interarticular and muscular fossae are separated interradially by
a moderatelv wide shallow furrow.
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The interarticular ligament fossa; are about twice as broad as high, approxi-

mately oblong, with the inner distal angle well rounded. The outer edges are

more or less concave, especially proximally, the chord of the concavity slanting
somewhat inwardly from the transverse ridge. The distal edges may be more
or less convex, especially inwardly, the chord of the convexity rising slightly

inwardly. The inner edges are short, parallel, separated by a broad, shallow

furrow about as wide as the greater (transverse) diameter of the central canal.

The muscular fossae are very narrow, being about as broad as the transverse

diameter of the central canal. Their inner edges are parallel, continuing up-
ward the inner edges of the interarticular ligament fossae. Their distal edges
follow the contour of the distal edges of the interarticular ligament fossne and
are straight or slightly convex. The distal outer angles are well rounded and

project somewhat beyond the sides of the interarticular ligament fossae.

The ventral surface of the radial pentagon is filled with a coarse and loose

calcareous deposit even with the distal edge of the muscular fossae. There is

no central opening.
Diameter of radial pentagon at base, 4.8 mm.; height of articular face, 1.3

mm. : width, at transverse ridge, 3.3 mm.
;

distance from center of rosette to

middle of dorsal outer edge of radial, 1.9 mm. ; distance from center of ventral

face of radial pentagon to middle of ventral edge of radial, 1.5 mm.; to apex
of interradial angle, 2.6 mm.

LEPTONEMASTER VENU9TUS.

Fiirs. 11, 12, p. fi.

The dorsal ligament fossa is broad and low, four or five times as broad as

high The proximal border is moderately convex, passing into a slightly stronger
curve at either end. The ligament pit is wider than the transversely oval central

canal, but narrow and slightly reniform.

The dorsal ligament fossae are not in lateral contact, and the transverse ridges
of adjacent joint faces are rather widely separated. Distal to the transverse

ridge the elements of the joint face are entirely and somewhat widely separated

by a deep furrow which appears to extend inward to the central plug.
The interarticular ligament fossae are about twice as broad as high. Taking

the transverse ridge as their proximal border, they are approximately oblong
but with the outer edges at first retreating rather rapidly and soon becoming
perpendicular; the distal edge may be slightly convex, and there may be a slight

upward slant toward the interior of the joint face.

The muscular fossae are about as high as the distance from the distal margin
of the central canal to the distal edge of the interarticular ligament fossae; their

distal margin is parallel to the distal margin of the interarticular ligament fossae,

but often slightly more convex. Their rounded outer distal corners project

slightly beyond those of the interarticular ligament fosses, and their inner distal

angles are well rounded; the intramuscular furrow is about as wide as half the
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transverse (greater) diameter of the central canal. It is slightly constricted

between the muscular fossae.

The cavity on the ventral surface of the radial pentagon is filled nearly to

the height of the distal edges of the muscular fossae with a loose calcareous

deposit showing no central canal.

Diameter of radial pentagon at base, 3 mm.
; height of articular face, 1.3 mm.

;

width, at transverse ridge, 2 mm.; distance from center of rosette to middle of

dorsal outer edge of radial, 1.3 mm.
;
distance from center of ventral face of radial

pentagon to middle of ventral edge of radial, 0.8 mm.; to apex of interradial

angle, 1.5 mm.
COMATILIA IRIDOMETRIFORMIS.

Figs. 13, 14, p. 15.

The articular faces of the radials are entirely and widely separated from

each other, just as in Neometra, by broad interradial processes formed by the

produced lateral edges of two adjacent radials. The outline of each radial face

as a whole is approximately semicircular. The production of the lateral edges
of the radials has produced a corresponding distortion of the elements of the

articular faces, these being laterally curved outward and somewhat elongated

transversely.

The dorsal ligament fossa is deep, and about two and one-half times as broad

as high. The ligament pit is very narrow, though nearly as wide as the trans-

versely oval central canal.

The interarticular ligament fossae are triangular, with their inner apices
on the level of the distal border of the central canal. The proximal and distal

edges make approximately the same angle with the horizontal, and are nearly

straight; the outer edges, which are about two-thirds the length of the other

two, are somewhat convex.

The muscular fossae form elongated triangles with their apices outward. Their

greatest height is equal to the distance from their lower borders to the transverse

ridge; their inner edges are strongly convex.

A broad undifferentiated area incloses the central canal and extends laterally
in the form of a long angle to the ends of the transverse ridge, its distal border

following, and being delimited by, the proximal border of the interarticular liga-

ment fossae; anteriorly (distally) this area is continued as a narrow intermus-

cular septum concave on the summit which rapidly diminishes in height, being

replaced after the proximal third of the muscular fossae by a narrow intermus-

cular furrow.

The ventral surface of the radial pentagon, which is sharply stellate, is

covered by a somewhat concave loose calcareous deposit showing a small central

canal. The produced interradial angles, and a border equal to one-half of the

width of these interradial processes about the distal edges of the radial faces,

are free from any secondary calcareous covering.
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Diameter of radial pentagon at base, 1.5 mm.; median height of articular

face, measured along the inclination, 0.3 mm.; maximum width, 0.7 mrn.; dis-

tance from center of rosette to middle of dorsal outer edge of radial, 0.6 mm.;
distance from center of ventral face of radial pentagon to middle of ventral edge
of radial, 0.5 mm.

;
to apex of interradial angle, 1 mm.

COMACTINIIN.E.

The interarticular ligament fossa? are nearly or quite as high as broad.

The distal border of the interarticular ligament fossae is usually slightly

lower interiorly than exteriorly.

There is a more or less abrupt change in direction between the outer edge
of the interarticular ligament fossae and that of the muscular fossa?, the latter

projecting more or less outward.

The inner ends of the muscular fossa? are more or less within the inner distal

angles of the interarticular ligament fossae.

The muscular fossae in general slope more or less upward from the median

axis of the joint face to the periphery.

In addition to these characters the centrodorsal has no cirri, or (except in

Comatulides) possesses a single crowded and regular row; in some cases the

radial cirri are suppressed, leaving one or two in each interradial angle.

COMATULA ROTALARIA.

See figs. 958, 959, pi. 1.

COMATULA SOLARIS.

See figs. 960-962, pi. 1.

COMATULA PECTINATA.

Figs. 17, IS, p. 15.

The articular faces of the radials lie in a plane parallel to the dorsoventral

axis of the animal and including the proximal edge of the radials. The sculpture

is moderate in relief.

The dorsal ligament fossa is wide laterally and narrow dorsoventrally, nearly

oblong. It is nearly or quite five times as broad as high. The proximal border

is not at all, or only slightly, convex, curving sharply upward at either end.

The ligament pit is large and reniform, much larger than the transversely oval

central canal.

The transverse ridges of adjacent articular faces are in lateral contact, and

the ends of the dorsal ligament fossae may be more or less confluent. Inter-

radially the interarticular ligament fossae are separated by a narrow parallel

sided furrow, which is closed distally by the apposition of the muscular fossae.

The interarticular ligament fossae are about as high as broad. Their lateral

edges slope inward at the base, but are nearly or quite vertical for most of their
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length. The distal edges are gently concave, the chord of the arc formed rising

slightly inwardly; at the inner corners the distal edges curve downward into the

inner edges; these inner edges from the distal to the proximal part of the inter-

articular ligament fosso? diverge slightly, proximately curving around and meet-

ing just above the central canal, over which the proximal end of the intermus-

cular furrow is somewhat convex, following the outline of the canal. The broad

shallow furrow separating the interarticular ligament fossae at the distal border

of the latter is about half as wide as they are at that point, or even slightly

wider. It increases slightly in width proximally; its center may be more or less

elevated.

The muscular fossae are very narrow, with parallel sides and rounded ends.

Their width is about equal to the transverse (greater) diameter of the central

canal; their distal edges follow the curve of the distal border of the interarticular

ligament fossae; their rounded outer angle extends somewhat beyond the distal

outer angle of the interarticular ligament fossae; their inner termination extends

slightly beyond the inner distal angle of the interarticular ligament fossae so

that the intermuscular furrow is constricted at this point; their inner boundary
joins the rounded inner angle of the interarticular ligament fossae at about the

center of its curve.

The ventral surface of the radial pentagon is covered with a moderately
dense calcareous deposit which shows faint radial striations. The central canal

is rather small.

In the specimen at hand the general coloration is yellow brown, the transverse

ridges and the rays of the basal star being violet in conspicuous contrast.

Diameter of radial pentagon at base, 4.6 mm.; height of articular face, 2

mm.
; width, at transverse ridge, 3 mm.

;
distance from center of rosette to middle

of dorsal outer edge of radial, 2 mm.; distance from center of ventral face of

radial pentagon to middle of ventral outer edge of radial, 1.8 mm.; to angle
between radials, 2.5 mm.

COMATULA MICRASTER.

Figs. 15, 16, p. 15.

The dorsal ligament fossa is about two and one-half times as broad as high,

only slightly convex proximally, curved upward with moderate abruptness at

either end. The ligament pit is transversely oval, considerably larger than the

central canal.

The transverse ridges of adjacent joint faces are in apposition, but the dorsal

ligament fossae are entirely separated. The elements distal to the transverse

ridge are separated in the interradial angles by a shallow furrow about as broad
as the shorter (vertical) diameter of the central canal.

The interarticular ligament fossae are slightly higher than wide, approximately
oblong. The outer edges retreat rather rapidly for a short distance from the

ends of the transverse ridge, then becoming parallel to the dorsoventral axis, or

leaning slightly outward in the distal portion. The distal border is practically
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straight or slightly convex; the inner distal corners are well rounded; the inner

sides are parallel and are separated by a rather broad, shallow, intermuscular

furrow, somewhat wider than the transverse (greater) diameter of the central

canal.

The muscular fossa? are narrow, about as broad as the dorsoventral diameter

of the central canal, or slightly broader, with their distal edges parallel to the

distal edges of the interarticular ligament fossa?: their inner edges are well

rounded and project somewhat farther into the intermuscular furrow than the

inner angles of the interarticular ligament fossse; the outer distal angles are more

sharply rounded and project beyond the corresponding angles of the interarticular

ligament fossa?.

The central portion of the ventral surface of the radial pentagon is occupied

by a very coarse calcareous reticulation the meshes of which are somewhat more

dense than is usually the case.

Diameter of radial pentagon at base, 3 mm.; height or articular face, 1.4

mm.; width, at transverse ridge, 2 mm.; distance from center of rosette to middle

of dorsal outer edge of radial, 1.3 mm.; distance from center of ventral face of

radial pentagon to middle of ventral edge of radial, 1 mm.; to apex of interradial

angle. 1.3 mm.
COMACT1NIA F.CHINOPTERA.

riss. in. 20. 2?,, 24, p. 15.

The dorsal ligament fossa is about three times as broad as high, with the

proximal border broadly and evenly curved; the ligament pit is oval, consider-

ably larger than the central canal.

The transverse ridges of adjacent articular faces are in contact laterally;

the lateral ends of the adjacent dorsal ligament fossa? are also in apposition. The
interarticular ligament fossa? are separated in the interradial angles by a narrow

groove, which is continued outward between the muscular fossa?.

The interarticular ligament fossa? are about one-third broader than high,

approximately oblong, with the inner distal angle rounded, sometimes broadly so.

The distal margin may be more or less convex, and the outer margin retreats

somewhat basally from the ends of the transverse ridge. The inner edges are

parallel and straight, about as far apart as the transverse (greater) diameter

of the oval central canal.

The muscular fossae, which are comparatively large, are nearly as hich as

the interarticular ligament fossse. Their distal border is broadly convex ; their

inner borders straight and parallel, not much more than half as far apart as

those of the interarticular ligament fossae. Their outer border makes an angle
of nearly 30 with that of the outer edge of the interarticular licament fossae.

The chord of the distal convexity of the muscular fossas may be horizontal, or

inclined slightly inward.

The ventral surface of the radial pentagon is entirely covered with a rather

coarse and loose calcareous deposit through which there is no special central canal.
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FIGS. 13-24. RADIAL PENTAGONS OF VARIOUS COJIATDLIDS. 13. COMATILIA liUDGMKTRii'oii.Mis, LATERAL
VIEW OP BADIALS AND CENTKODOnSAL. 14. SAME, VENTRAL VIEW OF RADIAL PENTAGON. Ifi. COMA-
TULA MICRASTER. LATERAL VIEW OF RADtALS AND CENTRODOHSAL. 16. SAME, VENTRAL VIEW OF RADIAL
PENTAGON. 17. C'OMATl'LA PECTINATA, LATERAL VIEW OF RADIALS AND CENTRODORSAL. 18. Si.ME, VENTRAL
VIEW OF RADIAL PENTAGON. 19. CGMACTINIA ECHINOPTERA, LATERAL VIEW OF RADIALS AND CBNTRODuRSAL.
20. SAME, VENTRAL VIEW OF RADIAL PENTAGON. 21. COMASTEK FRUTICOSUS, LATERAL VIEW OF RADIALS
AND CENTRODORSAL. 22. SAME, VENTRAL VIEW OF RADIAL PENTAGON. 23. COMACTINIA ECH1NOPTERA,
LATERAL VIEW OF RADIALS AND CENTRODORSAL. 24. SAME, VENTRAL VIEW OF RADIAL PENTAGON.
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Diameter of radial pentagon at base, 4.7 mm.
; height of articular face, 2.3

mm.
; width, at transverse ridge, 2.9 mm.

;
distance from center of rosette to

middle of dorsal outer edge of radial, 1.9 mm.: distance from center of ventral

face of radial pentagon to middle of ventral edge of radial, 1.3 mm.; to apex
of interradial angle, 2.2 mm.

Another specimen measures : Diameter of radial pentagon at base, 3.8 mm.
;

height of articular face (measured along the inclination), 1.7 mm.; width, at

transverse ridge, 2.3 mm.
;
distance from center of rosette to middle of dorsal

outer edge of radial, 1.6 mm. ; distance from center of ventral face of radial

pentagon to middle of ventral edge of radial, 1 mm.
;
to apex of interradial

angle, 1.5 mm.
COMACTINIA MERIDIONALIS.

See figs. 063, 0(54, pi. 1.

The interarticular ligament fossae are nearly or quite as high as, or even higher

than, broad.

The distal edges of the interarticular ligament fossae are horizontal, or are

somewhat higher exteriorly than interiorly.

There is no change in direction between the interarticular ligament fossae and

the muscular fossae.

The inner ends of the muscular fossae are inserted well within the inner distal

angles of the interarticular ligament fossae.

In general the muscular fossae have their proximal and distal edges parallel,

and lie horizontally.
In addition to these characters the centrodorsal usually bears no cirri, or is

equipped with several rows. If there is only a single row it is irregular and more

or less irregularly deficient.

COMASTER FRtrricostrs.

Figs. 21, 22, p. 15.

The radial articular faces lie in planes parallel to the dorsoventral axis of the

animal. The sculpturing is comparatively slight, there being but very little exca-

vation in the dorsal ligament fossa.

The dorsal ligament fossa is very narrow, about four times as broad as high,

with the proximal edge straight and parallel to the transverse ridge for most of its

length, at either end curving rather abruptly upward to the ends of the trans-

verse ridge.

The dorsal ligament fossae are entirely separated from each other, but the

transverse ridges, which are narrow and stand out prominently, may be more or

less united with their neighbors.
There is no rim about the central canal.

Shortly beyond the apposed ends of the transverse ridges the lateral borders of

the interarticular ligament fossae diverge somewhat, soon becoming parallel again,
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so that, viewed interraclially, they are seen to be separated by a narrow U reaching
downward nearly to the transverse ridge. Their distal edges, which are straight

or very slightly convex and parallel to the transverse ridge, run inward for a dis-

tance equal to between one-half and three-quarters of the height of the interarticular

ligament fossae, then sweep downward in the form of a concave margin to the

upper part of the central canal
;
this margin is usually more or less irregular. The

space between the interarticular ligament fossae is very broadly U-shaped to semi-

circular, and is somewhat larger than the adjacent part of the interarticular liga-

ment fossae. It is only slightly depressed below the general surface, and is marked

with more or less irregular strong longitudinal (dorsoventral) striations, which are

continuations of the radiating striations on the ventral surface of the radial

pentagon.
The muscular fossae are linear and narrow, lying along the distal edge of the

interarticular ligament fossae and just rounding their inner distal angles.

The ventral surface of the radial pentagon is covered by a spongy calcareous

mass marked ventrally with more or less regular fine radial striations which reach

to the height of the distal border of the muscular fossae. The central canal is

moderately large.

Diameter of radial pentagon at base, 6.1 mm.
; height of articular face, 2.5 mm. ;

width, at transverse ridge, 4 mm.; distance from center of rosette to middle of

dorsal outer edge of radial, 2.8 mm.; distance from center of ventral surface of

radial pentagon to middle of ventral outer edge of radial, 2.3 mm.
;
to apex of

interradial angle, 3 mm.

COMASTER PAI5VUS.

Figs. 25, 26, p. 20.

The dorsal ligament fossa is about three times as broad as high, with the

proximal border regularly elliptical. The ligament pit is transversely oval, and

about as large as the central canal.

The ends of the transverse ridges of adjacent joint faces are joined, but the

dorsal ligament fossae are widely free
;
the joint face elements distal to the trans-

verse ridge are separated by a broad shallow V-shaped gap.
The outer borders of the interarticular ligament and muscular fossae make an

angle of about 60 with the transverse ridge. The edges of the interarticular

ligament fossa? are more or less concave. The maximum (outer) height of the

interarticular ligament fossae is about equal to that of the dorsal ligament fossa.

From the outer distal angles the distal edges of the interarticular ligament fossae

run inward and slightly downward to the intermuscular furrow, which they join

at a point about as high above the distal border of the central canal as the hori-

zontal (greater) diameter of the canal. They may be nearly straight, evenly

convex, or nearly straight outwardly and becoming more convex inwardly. If the

convexity is strong they may join the intermuscular furrow at a point above the

distal border of the central canal about as far distant as the median (shorter)

diameter of the canal.
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Proximally the intermuscular furrow is about as broad as the central canal,

from which it is separated by a narrow rim, or it may be slightly broader. It

gradual!}' narrows distally, being scarcely half as broad between the muscular fossse.

The muscular fossse are small and narrow, slightly crescentic, with the distal

edges almost parallel with the proximal. The inner angles are inserted within the

distal inner angles of the interarticular ligament fossse; they are about as broad as

the width of the intermuscular furrow between them.

The inner portion of the radial pentagon is obscured by a deposit of calcareous

matter, the surface of which is marked with narrow radiating furrows. There is

no open central canal. This deposit, though entirely concealing the inner ends and

surfaces of the radials and obliterating the sutures between them, is thin, and

follows the contour of the inner surface of the radials, so that in a general view the

ventral surface of the radial pentagon appears deeply hollowed.

Diameter of radial pentagon at base, 3 mm.
; height of articular face. 1 mm. ;

width, at transverse ridge, 2 mm.; distance from center of rosette to middle of

dorsal outer edge of radial, 1.7 mm.
;
distance from center of ventral face of radial

pentagon to middle of ventral edge of radial, 0.9 mm.; to apex of interradial

angle, 1.3 mm.

ZYGOMETRID^.

The articular faces of the radials lean inward at an angle of approximately
45 to the dorsoventral axis.

The excavation of the various elements of the joint face is moderate, as

there is but a limited amount of motion to be accommodated.

The relatively deeper and more extensive excavation of the joint faces has

tended to narrow the broad flat area distal to the transverse ridge, as seen in

the Comasterida\ making of it a narrow rim about the central canal which slopes

downward on either side to the transverse ridge.

The joint face elements on either side of the transverse ridge are in the same

plane, or, if not, the dorsal ligament fossa makes a smaller angle with the dorso-

ventral axis of the animal than the elements distal to the transverse ridge.

The dorsal ligament fossa is as high as, or slightly higher than, the inter-

articular ligament fossae, and its proximal border is usually slightly flattened.

The ligament pit is strongly marked, broadly oval, larger than the central canal.

The central canal is moderately large and broadly oval.

The joint face elements distal to the transverse ridge are separated in the

median line by a rather narrow intermuscular furrow which does not exceed

one-third of the transverse diameter of the central canal in proximal width
;

distally its sides diverge slightly, and it is not constricted between the muscular

fossae.

The interarticular ligament fossae are approximately triangular, with the

proximal inner angles broadly truncated by the elevation about the central canal.

The muscular fossae are narrow and crescentic, their greatest diameter being
less than one-third of the height of the interarticular ligament fossa?. Their

inner ends rest upon the distal portion of the rim about the central canal: their
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inner halves are nearly parallel with the median axis of the joint face, and

their outer approximately at right angles to it. The vertical and horizontal

portions are united in a broad curve, in which the muscular fossae attain their

maximum width.

The ventral face of the radial pentagon is pentagonal or decagonal in out-

line. The radial portions are not incised.

The central plug may cover only the inner ends of the radials, or it may
cover their entire inner surface and rise to the level of the distal edge of the

muscular fossae; it is coarser in structure in the center than toward the periphery,
but there is no free central canaK The radial canals, when not obscured by the

deposition of calcareous matter, are very broad.

ZTGOMETRA COMATA.

Figs. 27, 28, p. 20.

The dorsal ligament fossa is between two and one-half and three times as

broad as the median length, evenly convex proximally, but at the corners bend-

ing upward rather more strongly so as to join the ends of the transverse ridge

approximately at a right angle.
The ends of the transverse ridges of adjacent joint faces are just in apposition,

but the dorsal ligament fossa; are entirely closed and do not communicate laterally

with each other.

The outer edges of the interarticular ligament fossse run inward at a rather

small angle with the dorsoventral axis of the animal. They are usually more
or less concave, this concavity being most marked proximally and dying away
distally. Just beyond the somewhat large transversely oval central canal is a

horizontal slightly raised ridge about one-fourth or one-third again as broad as

the diameter of the central canal which marks the proximal border of the mus-
cular fosses. From the ends of this rim the inner edges of the interarticular liga-

ment fossse run perpendicularly (parallel with each other) upward to a point
about as far from the ridge as that is from the nearest part of the dorsal liga-

ment fossa, then turn outward somewhat abruptly and run to the outer edge at

a slight angle to the horizontal. The greatest (exterior) height of the inter-

articular ligament fossse is about equal to the greatest (proximal) width, which
itself is about equal to the maximum height of the dorsal ligament fossa. The

portions of the interarticular ligament fossse beyond the central canal are sepa-
rated by a rectangular gap equal in breadth to the diameter of the interarticular

ligament fossse at this point, and not quite twice as broad as long.
The distal edges of the muscular fossse form a straight line with each other.

The outer corners are curved downward to the outer distal angles of the inter-

articular ligament fossse; the inner distal angles are rounded off, the inner edges

being parallel and running to the ridge mentioned above as just beyond the

central canal. The inner edges of the muscular fossse reach this ridge in such

a way as to divide the space between the interarticular ligament fossse into thirds.
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FIGS. 25-38. RADIAL PENTAGONS AND RADIAL ARTICULAR FACES OF VARIOUS COMATULIDS. 2o. COMASTER
PARVUS, LATERAL VIEW OF RADIALS AND CENTRODORSAL. 26. SAME, VENTRAL VIEW OF RADIAL PENTAGON.
27. ZVGOMETRA COMATA, LATERAL VIEW OF RADIALS AND CENTRODORSAL. 28. SAME, VENTRAL VIEW OF
RADIAL PENTAGON. 29. EUDIOCRINUS ORNATUS, LATERAL VIEW OF RADIALS AND CENTRODORSAL. 30. SAME,
VENTRAL VIEW OF RADIAL PENTAGON. 31. SAME, A RADIAL ARTICULAR FACE. 32. CATOPTOMETRA HARTLAUBI,
LATERAL VIEW OF RADIALS AND CENTRODORSAL. 33. SAME, VENTRAL VIEW OF KADIAL PENTAGON. 34.

HETEROMETUA PHILIBERTI, LATERAL VIEW OF RADIALS AND CENTRODORSAL. 35. SAME, VENTRAL VIEW OF
RADIAL PENTAGON. 36. SAME, A RADIAL ARTICULAR FACE. 37. AMPHIMETRA PAPUENSIS, LATERAL VIEW OF
RADIALS AND CENTRODORSAL. 38. SAME, VENTRAL VIEW OF RADIAL PENTAGON.
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The muscular fossae are separated by a shallow groove about as wide as their

inner downward extensions. This groove may be more or less carinate at the

bottom. The inner edge of the muscular fossae is about as long as the distal,

and is perpendicular to it. Both are about as long as the distance between the

inner distal angles of the interarticular ligament fossae and the transverse ridge.

The muscular fossae in shape resemble a boomerang, or broad gamma, the hori-

zontal limb being somewhat thicker than the vertical.

The space between the radials ventrally is filled with an open calcareous

filling the surface of which is plane and on the same level with the distal edges
of the muscular fossa. It is covered with small papilla?. The central canal is

moderately small, as in Catoptometra hartlaubi.

Diameter of radial pentagon at base, 4 mm.; height of articular face (meas-
ured along the inclination), 1.7 mm.; width, at transverse ridge, 2.1 mm.; distance

from center of rosette to middle of dorsal outer edge of radial, 1.9 mm.; dis-

tance from center of ventral face of radial pentagon to middle of outer ventral

face of radial, 1 mm.; to apex of interradial angle, 1.3 mm.

CATOPTOMETRA HARTLAUBI.

Figs. 32, 33, p. 20.

The dorsal ligament fossa is narrow, about four times as broad as long.

The proximal edge is comparatively slightly convex, and the lateral angles are

truncated, so that lateral edges are formed which are about half as long as the

median diameter of the dorsal ligament fossa, or slightly longer.

The interarticular ligament fossae are about as high as broad, the height

being about equal to that of the dorsal ligament fossa. The lateral edges
retreat sharply from the transverse ridge, taking the same general direction

as the lateral edges of the dorsal ligament fossa, and, like them, being more
or less concave, rather more prominently so than they. The inner angle is

broadly truncated by the rim about the somewhat large central canal. The inner

edges run outward and upward at an angle of about 45 to a point slightly be-

yond the middle of the horizontal portion of the distal edge, then curves and
runs almost or quite parallel to the transverse ridge to the outer edge. The
distal inner corners of the interarticular ligament fossae are separated by the

distance equal to the horizontal diameter of the central canal.

The muscular fossae may be described as forming roughly a right-angled tri-

angle, the distal edge forming the base, with the hypothenuse concave (being formed

by the distal edge of the interarticular ligament fossae) ,
the angles broadly rounded,

and the base somewhat convex. The greatest (innermost) height is about one-

third less than the greatest horizontal diameter. The distal edges are slightly
convex or almost straight, running in a general horizontal direction, outwardly
curving downward to the distal outer corner of the interarticular ligament fossae,

inwardly, with a similar or somewhat broader curve, running into the parallel inner

edges which reach the raised rim about the central canal between, and slightly

above, the inner distal angles of the interarticular ligament fossae, in such a way as
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to divide the space between these angles approximately into thirds. The muscular

fossfe are separated by a furrow, the diameter of which is about one-third the

diameter of the central canal. This furrow may carry a rounded carination in the

median line, on the highest part of which are a few spicules. The greatest (in-

terior) height of the muscular fossa? is somewhat less than the greatest dorsoventral

height of the interarticular ligament fossa\ The distal diameter of the muscular

fossae is not quite so great as the proximal diameter of the interarticular liga-

ment fossae.

The ventral surface of the radial pentagon is covered by a spongy calcareous

mass, very slightly concave on its surface, which reaches nearly to the upper edges
of the muscular fossae. The central canal is rather small.

Diameter of radial pentagon at base, 4.7 mm.; height of articular face (meas-
ured along the inclination). 1.9 mm.; width, at transverse ridge, 2.2 mm.; distance

from center of rosette to middle of dorsal outer edge of radial, 2.2 mm.
;
distance

from center of ventral face of radial pentagon to middle of ventral edge of radial,

1 mm.
;
to apex of interradial angle, 1.3 mm.

ETJDIOCRINUS ORNATUS.

Figs. 29, 30, p. 20.

The dorsal ligament fossa is rather low. between three and four times as broad

as high. The proximal border is but slightly convex, at either end turning upward
in a moderately broad curve to the ends of the transverse ridge. The ligament pit

is rounded oval, about as large as the central canal.

The ends of the transverse ridges of adjacent articular faces are entirely sep-

arated from each other, though the distance between them is small. The dorsal

ligament fossae are well separated : distal to the transverse ridge the articular faces

are separated by a narrow interradial groove which slowly increases in width

distally.

The outer edges of the interarticular ligament fossae slope inward at an angle
of about 45 and continue this direction until they reach a length nearly or quite

equal to the distance from the central canal to the end of the transverse ridge.

They then turn inward, and this anterior or distal border takes a direction toward

the opposite side of the transverse ridge (on the other side of the central canal)

until about two-thirds of the distance to the perpendicular passing through the

nearer end of the central canal is accomplished, when it turns rather abruptly

downward, reaching a point just above the central canal, but at the side of the

median axis of the joint face.

A narrow but rather deep intermuscular furrow reaches to the upper border of

the central canal. The sides of the interarticular ligament fossae which border this

furrow are somewhat thickened.

The muscular fossae are much reduced and crescentic. The outer edge of the

interarticular ligament fossae is continued in the same direction as the outer edge
of the muscular fossae, but almost immediately begins to curve gradually inward,
the radius of the curve gradually shortening until it bends downward into the inner
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border of the muscular fossae. These inner borders are parallel and are separated

by a narrow intermuscular furrow. The muscular fossae reach just to the distal

border of the central canal.

The central part of the interior of the radial pentagon ventrally is occupied

by a loose calcareous deposit concealing the inner ends of the radials and the rosette

from ventral view.

Diameter of radial pentagon at base, 3.3 mm.
; height of articular face (meas-

ured along the inclination, 1 mm.; width, at transverse ridge, 1.7 mim.; distance

from center of rosette to middle of dorsal outer edge of radial, 1.5 mm.; distance

from center of ventral face of radial pentagon to middle of ventral edge of radial,

0.6 mm. ;
to apex of interradial angle, 1.2 mm.

HIMEROMETEID^E and MARIAMETRIDAE.

The Himerometridse and Mariametridae may well be consdered together, as

they differ but little in their structure, except in regard to the arms and pinnules.

I have never been able to dissect a representative of the Stephanometridae, but it

seems probable that the radial articular faces in this family will be found to be

very similar to those in the Mariametridae.

The relation of the articular faces of the radials to the dorsoventral axis of

the animal varies from nearly parallel to an angle of about 60.

The excavation or relief of the several joint face elements varies more or less

in different species, and is more or less inversely proportionate to the size of the

angle between the plane of the joint face and the dorsoventral axis, and more or

less directly proportionate to the size of the muscular fossae. In large species with

numerous arms where the muscular fossae are considerably reduced and the articular

faces are nearly parallel to the dorsoventral axis the excavation of the joint faces

as a rule is slight, as in the Comasteridse, for, as in that family, there is little

motion to be accommodated here ; but in smaller species with few arms, where the

muscular fossa? are proportionately large, the basal portion of the postradial series

not having become semirigid, restricting the arm movement to beyond the bases

of the free undivided arms, as is the case with the species with numerous arms,

and there is a considerable angle between the articular faces and the dorsoventral

axis, the sculpture of the joint faces is deep. The relief of the articular faces is,

in the portion distal to the transverse ridge, deeper exteriorly than interiorly.

In large species, or in species with numerous arms, where there is but little

proximal interarticular motion, there is no definite raised area bordering the

transverse ridge anteriorly and encircling the central canal, so that the interarticu-

lar ligament fossae appear to extend proximally quite to the transverse ridge, as in

certain comasterids
;
but there is always a high ridge between the central canal and

the deep intermuscular furrow which adjoins it distally.

Progressive excavation begins first along the outer edge of the interarticular

ligament fossae and gradually extends inward and downward, so that, little by
little, a raised area bordering the transverse ridge anteriorly and surrounding the

central canal becomes evident which is at first broad, but later becomes, with

increasing differentiation, narrower and narrower, finally assuming the form of a

142140 21 Bull. 82 4
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high narrow rim about the lateral and distal edges of the central canal, which is

continued laterally in the shape of a high border along the transverse ridge more
or less broad interiorly but tapering gradually to a point at either end of the

transverse ridge. The presence of a riin about the central canal, therefore, is

due to the amount of action between the radials and the IBr, and the correlated

amount of excavation, and has no systematic significance of itself apart from this.

The depth of the dorsal ligament fossa and the depth of the ligament pit is in

general proportionate to the depth of the interarticular ligament fossae and the

correlated size of the muscular fossae.

The elements of the joint face on either side of the transverse ridge are usually
in the same plane ;

if there is any difference, the plane of the dorsal ligament fossa

makes a slightly greater angle with the dorsoventral axis than the plane of the

distal elements.

The dorsal ligament fossa is large, with the proximal border well rounded
and never flattened. The ligament pit is strongly marked, reniform, oval, or cir-

cular, usually about the size of the central canal, which is broadly oval and
moderate in size.

The joint face elements distal to the transverse ridge and the central canal

are separated interiorly by a broad and shallow intermuscular furrow as broad

as to very much broader than the central canal, which may have parallel sides,

may be very broad proximally and strongly constricted between the muscular

fossae, or may increase gradually in width distally.

The interarticular ligament fossae are usually considerably higher than the

dorsal ligament fossa, higher than broad, irregularly quadrate or oblong. They
are usually deeply hollowed, at least exteriorly. Their outer edges are more or

less strongly concave, at least basally; their distal edges are straight, or more or

less strongly convex, and may be parallel to the transverse ridge, but usually run

more or less inward and downward, sometimes almost directly from the outer

distal angles to the central canal. The inner distal angles, however, are never

obliterated, though they may be very broadly rounded.

The muscular fossae are variable in size, but are always smaller than the

interarticular ligament fossae. They may be greatly reduced and narrowly linear,

or even apparently absent, but are usually comparatively broad exteriorly, gradu-

ally narrowing to a point just at, or somewhat within, the distal angles of the

interarticular ligament fossae
; they may have two slight ridges across them parallel

to their distal margin which probably represent the limits of annual growth before

maturity or full size is reached. Their outer distal angle always projects strongly
outward beyond the outer edge of the interarticular ligament fossae.

The ventral face of the radial pentagon is pentagonal or bluntly stellate. In

small 10-armed species or in 10-armed young it is sometimes rather deeply stellate,

so that the interradial radius may be twice as long as the radial radius.

The ventral plug is well developed and has a flat or slightly concave surface,

which is nearly or quite on a level with the distal edges of the muscular fossae. It

almost or quite conceals the inner surface of the radials. The radial canals are

short, narrow, or quite obliterated ; there is rarely a free central canal.
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HIMEROMETRID^E.

The intermuscular furrow is broad proximally and is usually strongly con-

stricted distally ; rarely the sides are parallel.

The interarticular ligament fosses are oblong to irregularly quadrate, consid-

erably higher than the dorsal ligament fossa.

HIMEROMETRA MARTENSI.

Figs. 41, 42, p. 26.

The dorsal ligament fossa is large, twice as broad as long, regularly and

strongly concave dorsally.

The ends of the transverse ridges of adjacent joint faces do not meet and the

dorsal ligament fossae are entirely separated from each other interradially.

There is no distinct rim about the central canal.

The lateral borders of the interarticular ligament fossae at first retreat rapidly
from the ends of the transverse ridge, but soon curve, so that in the distal half they
are nearly or quite parallel to the dorsoventral axis of the animal, or may even turn

outward somewhat. Viewed perpendicularly to their surface the interarticular

ligament fossae are seen to be about as high as the distance between the central

canal and the end of the transverse ridge. The distal edges, which are horizontal,

straight, or very slightly convex, are about as long as the distance from the central

canal to the inner distal angle ; outwardly the}' pass over in a moderately sharp
curve into the lateral edges, which at first are approximately at right angles to

them, but very gradually begin to turn outward in the proximal third, running
outward rather rapidly to the ends of the transverse ridge; inwardly the distal

edges curve downward rather sharply, the two inner edges being practically par-
allel and separated by a broad deep furrow which is wider than the horizontal

diameter of the central canal. At the distal edge of the central canal the lateral

edges of the interarticular ligament fossa? curve inward and meet each other,

forming a broadly U-shaped proximal end to the median furrow.

The muscular fossae are exceedingly reduced, narrowly linear, and sometimes

more or less interrupted. They run along the distal edge of the interarticular

ligament fossae, disappearing at the interior and exterior distal angles, and are

so inconspicuous that a close examination is necessary to discover them.

Diameter of radial pentagon at base, 6.6 mm.
; height of articular face

(measured along the inclination), 2.9 mm.; width, at transverse ridge, 3.5 mm.;
distance from center of rosette to middle of dorsal outer edge of radial, 3.1 mm.;
distal from center of ventral face of radial pentagon to middle of outer ventral

edge of radial, 1.6 mm.
;
to apex of interradial angle, 2.2 mm.

CRASPEDOMETRA ACUTICIKRA.

Figs. 43, 44, p. 26.

The dorsal ligament fossa is large, somewhat over twice as broad as long,
with the proximal border strongly convex and the lateral angles slightly truncated.
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FIGS. 39-50. RADIAL PENTAGONS OF VARIOUS COMATULIDS. 39. AMPHIMETRA ENSIFER, LATERAL VIEW OF
BADIALS AND CENTRODORSAL. 40. SAME, VENTRAL VIEW OF RADIAL PENTAGON. 41. HlMEBOMBTRA MAR-

TENSI, LATERAL VIEW OF RADIALS AND CENTRODORSAL. 42. SAME, VENTRAL VIEW OF RADIAL PENTAGON.
43. CEASPEDOMETRA ACUTICIRRA, LATERAL VIEW OF RADIALS AND CENTRADORSAL. 44. SAME, VENTRAL VIEW
OF RADIAL PENTAGON. 45. HETEUOMETRA REYNAUDII, LATERAL VIEW OF RADIALS AND CKNTRADORSAL. 46.
SAME VENTRAL VIEW OF RADIAL PENTAGON. 47. MAHIAMETRA SUBCARINATA, LATERAL VIEW OF RADIALS
AND CENTRODORSAL. 48. SAME, VENTRAL VIEW OF RADIAL PENTAGON. 49. LAMPROMETRA PROTECTUS,
LATERAL VIEW OF RADIALS AND CENTRODORSAL. 50. SAME, VENTRAL VIEW OF RADIAL PENTAGON.
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The lateral borders of the interarticular ligament fossae are rather strongly

concave, the curve being somewhat stronger in the distal than in the proximal
halves. The outer distal corners of the muscular fossa? are very nearly directly

above the ends of the transverse ridge. \^iewed perpendicularly the interarticular

ligament fossae appear about as high as the distance from the end of the transverse

ridge to the central canal. The lateral edges are concave and, as a whole, slope

slightly inward
;
the distal borders are more or less convex with the chord of the

convexity slightly inclined, so that the inner distal corners are about one-fifth of

the length of the lateral border below the outer. The inner distal angles are

broadly rounded and the inner borders are S-shaped, the distal lobe of the S being
formed by the inner corners and the lower by a broadly rounded notch of about

the same size, which inwardly reaches the distal margin of the central canal.

There is no raised rim about the central canal. The furrow between the inter-

articular ligament fossae is therefore of a broad double S or gourd shape, the

diameter of the expanded basal portion being approximately equal to the width

of the interarticular ligament fossae at that point.

The muscular fossas are narrow, with parallel sides; outwardly they project
in the form of an acute angle beyond the outer distal corners of the interarticular

ligament fossas; inwardly they run to just beyond the inner distal angles of the

interarticular ligament fossas, where they taper to a point. The distance between

the inner sides of the muscular fosses as they curve downward is about equal to

their own width and is considerably less than the distance between the inner distal

corners of the interarticular ligament fossas just below.

The space between the radials ventrally is filled to the height of the distal

edges of the muscular fossae with a spongy calcareous mass, almost plane on the

ventral surface, with a small central canal.

Diameter of radial pentagon at base, 5 mm. ; height of articular face (measured

along the inclination), 2.5 mm.; width, at transverse ridge, 2.8 mm.; distance from
center of rosette to middle of dorsal outer edge of radial, 2.3 mm.

;
distance from

center of ventral face of radial pentagon to middle of ventral outer edge of

radial, 1.4 mm.
;
to apex of interradial angle, 1.8 mm.

HETEROMETRA

Figs. 45, 46, p. 26.

The edges of the dorsal ligament fossa lie in a plane making only a small

angle with the dorsoventral axis. From the ends of the transverse ridge onward
the sides of the interarticular ligament and muscular fossae together form a strongly
concave line, so that the outer ends of the muscular fossae are not much within
the ends of the transverse ridge, being in about the same plane in reference to the
dorsoventral axis as the inner border of the central canal.

The dorsal ligament fossa is somewhat over twice as broad as long; the

proximal border is slightly flattened.
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The fossae distal to the transverse ridge are separated intcrradially by a narrow

lenticular gap running from near the ends of the transverse ridge to the outer

angles of the muscular fossae.

The outer border of the interarticular ligament fossa1 is rather strongly con-

cave, and has a general trend inward, so that the outer distal angles of the inter-

articular ligament fossae lie over a point about halfway between the central canal

and the ends of the transverse ridge. The distal border is slightly convex and runs

inward and downward at an angle of approximately 45 : inwardly the edges

make a rather broad curve and the inner edges run parallel to the outer (thus

diverging) until the level of the distnl border of the central canal is reached,

when they turn in a rather sharp but resrular curve and reach the central canal

just below its distal edge. The shallow groove between the interarticular ligament
fossae is. at the inner distal angles of the latter, about as wide as the diameter of

the interarticular ligament fossa? at that point.

The muscular fossae are narrow, about as wide as the space between them

(which is less than that between the distal inner angles of the interarticular liga-

ment fossae). The proximal and distal borders are parallel; inwardly they turn

downward rather abruptly, their outer borders running parallel or diverging very

slightly, meeting the border of the interarticular ligament fossae at the inner angle
in a sharp point: outwardly the muscular fossae project beyond the outer distal

corners of the interarticular ligament fossae in the form of a rounded triangle the

length of which is about equal to the length of the distal edge of the interarticular

ligament fossae.

The space between the radinls ventrally is filled to the level of the distal

edges of the muscular fossa 1 with a porous calcareous filling marked on the sur-

face with indistinct radiating lines or papilla? and with a comparatively large

central canal, in comparison with the relatively small size of the ventral face of

the radial pentagon.
Diameter of radial pentagon at base, o mm.: height of articular face (meas-

ured along the inclination), 2.3 mm.; width, at transverse ridge, 2.5 mm.; distance

from center of rosette to middle of outer dorsal edge of radial. 2.3 mm.
;
distance

from center of ventral face of radial pentagon to middle of outer ventral edge
of radial, 0.8 mm. ;

to apex of interradial angle, 1.2 mm.

HETEROMETRA PHILIBERTI.

Figs. 34-36, IX 20.

The dorsal ligament fossa is about twice as broad as high, nearly semicir-

cular. The ligament pit is circular, somewhat larger than the transversely oval

central canal.

The transverse ridges of adjacent joint faces join in the interradial angles,
but the dorsal ligament fossae are widely free. The interarticular ligament fossae

are separated in the interradial angles by a narrow V-shaped opening, which is

bridged over distally by the apposition of the muscular fossae.
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The outer edges of the interarticular ligament fossae make an angle of

approximately 60 D with the transverse ridge and are slightly and uniformly
concave. The outer distal angles are very sharp, the distal borders of the fossae

running inward and downward at an angle of about 60. After reaching a

length equal to nearly or quite one-half that of the outer border the distal edges

turn abruptly downward and. after making a deep S-shaped curve, the two

edges join just above the central canal. This lower edge of the intermuscular

furrow is bowed upward, following the curvature of the central canal from

which it is separated by a very narrow isthmus.

The muscular fossae are small, rounded triangular, with the apex at the

inner distal angle of the interarticular ligament fossae. Their distal edges are

convex, the chord of the convexity being approximately parallel with the trans-

verse ridge. Their rather sharply rounded outer angles project somewhat beyond
the outer distal angle of the interarticular ligament fossae: their broadly rounded

inner angles are very widely separated. The intermufecular furrow is shallow, but

very broad; its lateral borders vary from parallel with the lateral borders of

the interarticular ligament fossae to almost parallel with each other; as a rule

the condition is nearer the latter. At the level of the distal edge of the central

canal the width of the intermuscular furrow is about equal to the distance from

the end of the transverse ridge to a perpendicular from the transverse ridge to

the outer border of the furrow; distally the width of the furrow decreases, being
not much more than one-half as great between the inner angles of the muscular

fossae.

The ventral surface of the radial pentagon is covered with a loose calcareous

deposit which reaches nearly to the height of the distal edges of the muscular

fossae.

Diameter of radial pentagon at base, 3.6 mm. ; height of articular face (meas-
ured along the inclination), 1.9 mm.; width, at transverse ridge. 1.9 mm.; dis-

tance from center of rosette to middle of dorsal outer edge of radial, 1.8 mm.;
distance from center of ventral face of radial pentagon to middle of ventral face

of radial, 0.8 mm.; to apex of interradial angle, 1.1 mm.

AMPHIMETRA ENSIFER.

Figs. 39 40, p. 26.

The dorsal ligament fossa is deep, not quite twice as broad as high, evenly
curved proximally. The ligament pit is rounded reniform, about the size of the

central canal.

The ends of the transverse ridges just join laterally, but the dorsal ligament
fossae are widely free, owing to the low angle at which their proximal borders

join the ends of the transverse ridges.

The interarticular ligament fossae are about as high as the distance from
the central canal to the ends of the transverse ridge ; their outer borders are slightlv
concave and slope inward, making an angle of about 60 with the transverse ridge :
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the distal edges are strongly convex and may be nearly semicircular
;
the chord of

their curvature is usually horizontal and parallel to the transverse ridge, though
it may slant more or less inward and downward; the distal inner angles are

strongly rounded : the inner borders are more or less strongly S-shaped, meeting
below in a straight or slightly convex line just above the central canal.

The muscular fossae are subtriangular or more or less crescentic. Their outer

edges make an angle of nearly 90 with those of the interarticular ligament fossae

and are about as long as the distal edges of the latter; the distal edges curve

evenly inward and downward, meeting the distal edges of the interarticular liga-

ment fossae at the inner distal angles of the latter.

The inner portion of the ventral surface of the radial pentagon is filled to

the height of the distal edges of the muscular fossae with a loose calcareous

deposit showing a tuberculated surface and with a moderately large central canal.

Diameter of radial pentagon at base, 5 mm.
; height of articular face (meas-

ured along the inclination), 2.3 mm.; width, at transverse ridge, 2.5 mm.; dis-

tance from center of rosette to middle of dorsal outer edge of radial, 2.3 mm.
;

distance from center of ventral face of radial pentagon to middle of ventral edge
of radial, 0.9 mm.

;
to apex of interradial angle, 1.2 mm.

MARIAMETRIDyE.

The intermuscular furrow widens distally. The interarticular ligament fossae

are but little higher than the dorsal ligament fossae and approach the triangular

in shape.

PONTIOMETRA.

The radial articular faces in the only known species of this genus differ very

markedly from those of any other comatulid.

PONTIOMETRA ANDERSONI.

Figs. 51, 52, p. 33.

The radial articular faces are entirely and widely separated from each other,

the distance between them being about one-third of their transverse diameter and

the space between them forming a right-angled groove.
The border of the articular face dorsal to the transverse ridge forms a semi-

circle; distal (ventral) to the transverse ridge the sides converge slightly and

then turn outward just before the outer distal corners.

The distal edges of the articular face as a whole lie entirely in the same

straight line.

The entire articular face lies in the same plane, which makes an angle of

about 30 with the dorsoventral axis.

There is no run about the central canal.

The transverse ridge is uniform in width, very broad, about as broad as the

transverse diameter of the large central canal which entirely bisects it. On either

side of the central canal it carries a ligament fossa, triangular in shape, the base
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against the outer border of the articular face, one side nearly coinciding with the

proximal border of the transverse ridge, but slightly inclined upward, and the

other running diagonally from the outer upper corner of the transverse ridge to

a point just below the center of the side of the central canal, where it forms with

the opposite side a sharp angle. In some cases these fossae take the form of

narrow isosceles triangles, the bases coinciding with the ends of the transverse ridge
and the apices lying near the center of the sides of the central canal.

This pair of fossae has not previously been described in any comatulid, nor

does it appear to exist in any genus other than Pontiometra. It is probable from

their structure and situation that these fossse lodge an additional pair of inter-

articular ligaments. They may be known as fulcral ligament fossae from their

position on the fulcral line of the joint face. Their appearance is possibly a step
in the direction of the disintegration of the joint face as a muscular articulation

and the formation therefrom of a pseudosj
rzygy such as is seen between the

elements of the IBr series in certain species of Comatula and Comaster.

The dorsal ligament fossa is large, nearly semicircular in outline, about twice

as broad as long. The ventral border is not straight but forms a very broadly
obtuse angle, of which the apex is just below the central canal.

The interarticular ligament fossse are equal in height to the dorsal ligament

fossa; their edges are straight and converge slightly but turn outward rather

abruptly at the distal outer corners. The distal border is somewhat convex,

straight, or slanting slightly inward and downward. The inner distal angles are

broadly rounded off, and the fossae are separated interiorly by a U-shaped gap
with parallel sides, which is about equal in width to the transverse diameter of

the central canal. This gap contains a shallow groove with a more or less bluntly
carinate ridge in the center.

Muscular fossae are entirely absent.

The space between the radials ventrally is filled with a spongy calcareous

deposit with a roughly radial arrangement which is slightly depressed in the

center and pierced by a small central channel.

Diameter of radial pentagon at base. 7.5 mm.
; height of articular face (meas-

ured along the inclination), 3.1 mm.; width at transverse ridge, 3 mm.; nearest

approximation of adjacent articular faces. 0.8 mm. ; distance from center of rosette

to middle of outer dorsal edge of radial, 4 mm.; distance from center of ventral

surface of radial pentagon to middle of ventral outer edge of radial, 2.5 mm. : to

apex of interradial angle, 3 mm.

MARIAMETRA SUBCARINATA.

Figs. 47, 48, p. 26.

The interarticular ligament and muscular fossse slope regularly and evenly
inward from the transverse ridges, their planes making an angle of about 30

with the dorsoventral axis of the animal, and the plane touching the rim of the

dorsal ligament fossa has only a very slightly greater inclination.
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The dorsal ligament fossa is about two and one-half times as broad as long,

gently convex proximally but turning up more sharply at either end to the ends

of the transverse ridge. The dorsal ligament fossae do not communicate with each

other interradially. but the transverse ridges are in contact. Interradially the

interarticular ligament and muscular fossae of adjacent joint faces are separated

by a very narrow V- or U-shaped gap which reaches down almost to the transverse

ridge.

The height of the interarticular ligament fossae measured from the proximal
border of the transverse ridge is approximately equal to the height of the dorsal

ligament fossa measured from the same point. The outer edges of the inter-

articular ligament fossae are nearly straight; the distal edges are more or less,

usually strongly, convex, and the inner edges are nearly or quite straight and run,

converging slightly, to a point just above the lateral borders of the central canal,

then turn inward and meet each other in a straight line just beyond the central

canal.

The broadly U-shaped space between the interarticular ligament fossae, the

sides of which flare slightly, is almost or quite equal in area to that portion of the

interarticular ligament fossae beyond the central canal, and is usually not greatly
different from it in shape.

The distal borders of the interarticular ligament fossae may be quite semi-

circular, so that no inner or outer corners are evident, but they are usually not

quite so convex, in which case the chord of the curve is usually horizontal that

is, parallel to the transverse ridge-

There is no rim about the central canal.

The muscular fossae are small and narrow
;
their greatest width is about equal

to the transverse diameter of the central canal, or is rather less. The outer margin,
which runs in the same direction as that of the interarticular ligament fossae, is

more or less convex, sometimes almost semicircular. The distal edges run parallel

to those of the interarticular ligament fossae, gradually turning downward and

approaching the edge of those fossae, making with them a sharp angle with the

apex about halfway distant between the distal border of the interarticular liga-

ment fossae and that of the central canal.

The free borders of the muscular fossae are approximately semicircular, and

the fossae themselves are crescentic, but the crescent is truncated at its broadest

part, just over the outer distal angles of the interarticular ligament fossae.

The shallow furrow beween the inner edges of the interarticular ligament and

muscular fossae is in general slightly less broad than the dorsal canal. Its sides

are approximately parallel but are slightly further apart below the inner ends

of the muscular fossae; through the center of this furrow there runs a sharp high

longitudinal ridge, dividing it into two parallel furrows.

The ventral surface of the radial pentagon is covered with a porous cal-

careous mass which is nearly flat on the surface and reaches to the height of

the highest portions of the muscular fossae; it contains a rather small central

perforation.
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LAMI'ROMETRA PROTECTUS.

Figs. 49, 50, p. 26.

The outer margins of the interarticular ligament fossae at first retreat rapidly,
but just before the middle curve around and become parallel to the dorsoventral

axis. The outer corners of the muscular fossa* project somewhat so that their

tips are on a plane parallel with the dorsoventral axis and passing through the

distal border of the central canal.

The dorsal ligament fossa is narrow, about three times as broad as high, with

the proximal border evenly curved and turning upward abruptly at either end.

The dorsal ligament fossa- of adjacent joint faces are entirely distinct from

each other, but the transverse ridges just meet.

There is no rim about the central canal.

In the interradial planes the interarticular ligament and muscular fossae are

separated by very narrow U-shaped gaps extending downward nearly to the

transverse ridges.

When the interarticular ligament fossae are viewed perpendicularly their

lateral borders are seen to run diagonally inward at an angle of about 30 for

nearly half their length, and then turn upward, running parallel to the dorso-

ventral axis to the outer distal corners. The height of the interarticular ligament
fossae is about equal to the distance between the central canal and the end of

the transverse ridge. From the outer distal angles the distal borders of the inter-

articular ligament fossa; run inward in an evenly and slightly convex line, the

chord of the convexity making an angle of approximately 30 with the trans-

verse ridge, until nearly half the distance to the dorsoventral plane passing through
the central canal is covered, when they make a broad turn and run nearly straight,

at an angle of about 30 to that plane, to a point just over the lateral borders of

the central canal, then turn inward, meeting the edge of the other interarticular

ligament fossa in a straight line passing just over the distal edge of the central

canal. The inner distal angles, typically well rounded angles of about 120,
are sometimes so blunted as to be practically obsolete. The space between the

interarticular ligament fossae is broadly U-shaped with the sides diverging at an

angle of about 60, the area involved being approximately equal to the area of

the interarticular ligament fossa? beyond the level of the distal borders of the

central canal.

The muscular fossa? are very small, their greatest diameter, just above the

outer distal angles of the interarticular ligament fossa1
, being about the same as

the dorsoventral width of the central canal
;
from this point they extend diagonally

outward in a semicircle or short half-ellipse ; inwardly they taper to a point which

lies at the distal inner angle of the interarticular ligament fossa?.

The. ventral surface of the radial pentagon is covered with a spongy calcareous

mass which has an irregularly radiating surface structure and of which the sur-

face is plane or very slightly concave, on a level with the highest point reached by
the muscular foss. The central perforation is rather small.
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Diameter of radial pentagon at base, 3.8 mm.; height of articular face

(measured along the inclination), 1.5 mm.: width, at transverse ridge, 2 mm.;
distance from center of rosette to middle of dorsal outer edge of radial. 1.9 mm.

;

distance from center of ventral surface to middle of ventral outer edge of radial.

0.9 mm.
;
to apex of interradial angle, 1.2 mm.

COLOBOMETRIDJE.

The articular faces of the radials lean inward so that the plane of the inter-

articular ligament fossae makes an angle of nearly or quite 60 with the dorsoventral

axis of the animal; the plane of the muscular fossae, however, is nearly or quite

parallel with the dorsoventral axis, and thus makes an angle of approximately
120 with the plane of the interarticular ligament fossae.

In Cenometra, which in many ways approaches the genera of the Mariametridae,
the conditions found in the radial articular faces are not greatly different from

what is found in that family.
The excavation of the various elements of the joint faces is. except in

Cenometra, deep, and the anterior border of the transverse ridge and the rim about

the central canal are high and well marked, though not particularly narrow.

The elements on either side of the transverse ridge are in the same plane in

Cenometra, but in the other genera the dorsal ligament fossa makes a lesser angle
with the dorsoventral axis than the interarticular ligament fossae.

The dorsal ligament fossa is large and deep, with the proximal border well

rounded. The ligament pit is strongly marked and more or less circular, its area

being usually approximately that of the central canal.

The central canal is oval or nearly circular, moderate in size or rather large.

The intermuscular furrow has parallel, slightly converging, or slightly diverg-

ing sides; it is never broader than the transverse diameter of the central canal.

In one genus it is replaced basally by a narrow intermuscular septum which at

first is high, but rapidly decreases in height distally, and in the outer part passes
over into a narrow intermuscular septum.

In Cenometra the distal edge of the interarticular ligament fossae is slightly

convex, the chord of the convexity being slightly lower interiorly than exteriorly.

In the other genera it is straight and runs downward and inward, usually at an

angle of about 60 to the transverse ridge, to the distal portion of the rim about

the central canal. In Oligometra the angle between the transverse ridge and the

distal borders of the interarticular ligament fossae is only about 45, and the inner

distal angle of the interarticular ligament fossae is more or less indicated.

The muscular fossae are very variable. In Cenometra. they are very narrow,
about as wide as the dorsoventral (shorter) diameter of the central canal, and
their distal borders are parallel to the distal borders of the interarticular ligament
fossae. The outer distal angles project beyond the outer distal angles of the inter-

articular ligament fossae, as in the Mariametridae, and the inner angles are inserted

just within the inner distal angles of the interarticular ligament fossse; they
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decrease very slightly in width inwardly. In OUgomet'ra the muscular fussie are

very small, rounded triangular, with the distal borders convex and approximately

parallel to the transverse ridge ;
the maximum length is about one-half the breadth.

In Colobometra and in Cyllometra they are trapezoidal with the acute angle down-

ward and inward
;
in all of the genera except Cyllometra they are smaller than the

interarticular ligament fossae.

The ventral surface of the radial pentagon is pentagonal or very bluntly stel-

late in outline Except in Cenometra the ventral plug is very poorly developed

and usually more or less confined to the central portion of the radial pentagon.

There may or may not be a free central canal.

CENOMETRA UNICORNI8.

Fig. 53, p. 33.

The dorsal ligament fossa is broad and well rounded, slightly over twice as

broad as high: the proximal border is strongly and very evenly curved. The

ligament pit is considerably smaller than the central canal, and is circular; the

central canal is moderate in size and slightly oval.

The transverse ridges of adjacent joint faces are slightly separated from each

other; the dorsal ligament fossae are widely separated; the elements distal to the

transverse ridge are separated interradially by a shallow furrow, at first about as

wide as the intermuscular furrow, but distally becoming slightly wider.

The interarticular ligament fossae are large, their distal borders being about

as high above the transverse ridge as one-half the length of the ridge. The distal

and the inner edges of the interarticular ligament fossae are of about the same

length; the inner edges are parallel and straight, and are separated by a rather

deep intermuscular furrow, which is about as broad as the ligament pit. The distal

edges are straight and parallel to the transverse ridge, or are slightly convex, the

chord of the convexity being parallel to the transverse ridge; the inner distal

angles are more broadly rounded than the outer; the outer borders are nearly

straight.

The muscular fossae are narrow, being usually about as broad as the longi-
tudinal (shorter) diameter of the central canal. Their distal borders are parallel
to those of the interarticular ligament fossae, but are usually somewhat more con-

vex. The inner distal angles are broadly rounded, so that the intermuscular

furrow is not appreciably constricted; the outer borders of the muscular fossae

usually do not project beyond the line of the outer borders of the interarticular

ligament fossae.

The interior of the radial pentagon is occupied by a calcareous deposit which
rises to the height of the distal edge of the muscular fossae; it is irregularly radially
striate on the surface and is slightly depressed centrally in the region of the mod-

erately developed funnel-shaped central canal.

Diameter of radial pentagon at base, 5A mm. ; height of articular face

(measured along the inclination), 2.8 mm.; width, at transverse ridge, 3 mm.; dis-
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tance from center of rosette to middle of dorsal outer edge of radial, 2.7 mm. ;

distance from center of ventral surface of radial pentagon to middle of ventral

outer edge of radial, 1.3 mm.
;
to apex of interradial angle, 1.8 mm.

CTLLOMETRA ALBOPURPUREA.

Figs. 54, 55, p. 33.

The radial articular faces up to the proximal borders of the muscular fossae

lie in the same plane, which is inclined at an angle of nearly 45 to the dorsoventral

axis of the animal. The muscular fossae, forming an obtuse angle with the remain-

ing elements of the joint face, are parallel to the dorsoventral axis. The radial

faces are entirely separated interradially by a uniform narrow V-shaped groove.

The dorsal ligament fossae are moderate in size, about two and one-half times

as broad as long. The proximal border is uniformly convex and turns up rather

abruptly at the ends.

The interarticular ligament fossae are equilateral triangles, but their inner

angles are rather broadly truncated by the prominent rim of the central canal.

The muscular fossae are trapezoidal in shape, with the distal angles rounded

off. The lateral edges beyond the interarticular ligament fossae are equal in length
to the distal edges and are at right angles to them; the inner edges are nearly twice

as long, running down to the ridge about the central canal upon which the apices

of the trapezia abut.

The muscular fossae are separated interiorly by a narrow rounded ridge, at

first as high as the rim about the central canal, but gradually decreasing in height
and distally dying away altogether.

The interior of the radial pentagon is filled with a spongy calcareous mass

which reaches to the level of the distal edges of the muscular fossae through which

there is a rather small central channel.

Diameter of radial pentagon at base, 3 mm. ; height of articular face (measured

along the inclination), 1.7 mm.; width, at transverse ridge, 1.3 mm.

CYLLOMETRA DISCIFORMIS.

See figs. 960, 970, pi. 2.

OLIGOMETRA SERRIPINNA.

Figs. 58, 50, p. 33.

The dorsal ligament fossa is rather narrow, about three times as broad as high,
with the proximal border strongly flattened but strongly curved upward at the

ends. The ligament pit is almost semicircular, about half as large as the trans-

versely oval central canal.

In the interradial angles the ends of the transverse ridges are well separated
and the dorsal ligament fossae are very widely separated. The elements of the

joint faces distal to the transverse ridges are separated by a rather deep inter-
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radial furrow which is about as broad as the longer (horizontal) diameter of the

central canal.

The outer borders of the interarticular ligament fossae make an angle of about

60 with the transverse ridge, and are straight or slightly concave. The distal edges
run from the outer distal angles toward a point on the transverse ridge halfway
between the central canal and the end until near the central canal, when they turn

downward somewhat, the inner edges of the two fossae together forming a broad

rounded Y just over the central canal.

The muscular fossae are triangular, the apices at the outer distal angles of the

interarticular ligament fossae. The distal borders are horizontal, or slope inward

very slightly; the inner distal angles are rather broadly rounded and the inner

sides are parallel, separated by a shallow intermuscular furrow, which is about as

broad as the ligament pit in the dorsal ligament fossa.

The central plug is represented by a loose calcareous meshwork in the center

of the ventral surface of the radial pentagon which conceals the rosette.

Diameter of radial pentagon at base, 2 mm.; height of articular face (measured

along the inclination), 0.8 mm.; width, at transverse ridge, 1.4 mm.; distance from

center of rosette to middle of dorsal outer edge of radial, 0.8 mm.
;
distance from

center of ventral face of radial pentagon to middle of ventral border of radial, 0.6

mm.
;
to apex of interradial angle, 0.9 mm.

TROPIOMETRID^B.

The dorsal ligament fossa is semielliptical, four or five times as broad as high.

The ligament pit is slightly marked, but large ;
in shape it is transversely elongate.

The distal borders of the interarticular ligament fossae are parallel to the

transverse ridge, though they may curve downward somewhat inwardly.
The muscular fossse are large and well rounded, about twice as high as the

interarticular ligament fossae. Their lower inner corners are occupied by large sup-

plementary muscle plates.

The ventral surface of the radial pentagon is devoid of calcareous deposits.

TROPIOMETRA MACRODISCUS.

Fig. 64, p. 33.

The radial articular faces of Tropiometra macrodiscus do not differ greatly

from those of T. encrinus, as described below. The dorsal ligament fossa is nar-

rower, with more pointed ends ; it is about five times as broad as high ;
the central

canal is more nearly circular
;
the distal borders of the interarticular ligament fossae

run in a straight line from the distal angles to the proximal end of the intermus-

cular furrow, and in the angle between these rather large second supplementary
muscle plates are developed. The first supplementary muscle plates are larger than

those of T. encrinus, occupying about half of the area of the muscular fossae instead

of one-fourth or one-third. The muscular fossae as a whole are proportionately

slightly smaller and are rather less rounded. They are in general proportionately
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higher exteriorly and lower interiorly. The inner portion of the radial pentagon
has but little secondary calcareous deposit, and there is none on the ventral surface

of the rosette. The interior of the radial pentagon is well rounded and is scored

with shallow narrow meandering grooves.
Diameter of radial pentagon at base, 10.6 mm.

; height of articular face

(measured along the inclination), 3.7 mm.; width, at transverse ridge, 5.5 mm.;
distance from center of rosette to middle of dorsal outer edge of radial, 5 mm. : dis-

tance from center of ventral face of radial pentagon to middle of ventral edge of

radial, 1.9 mm.
;
to apex of interradial angle, 2.8 mm.

TROPIOMETRA ENCRINUS.

Figs. 60, 61, p. 33.

The dorsal ligament fossa is very narrow, about four times as broad as high,

regularly elliptical. The ligament pit is considerably broader than the central

canal, transversely elongate, but only slightly marked.

From either end the transverse ridge gradually thickens so that it increases

in breadth to the middle, where it encompasses the central canal; this increase in

diameter is very even, so that only a very slight broad concavity of the anterior

borders on either side of the central canal is discernible.

A narrow and shallow intermuscular furrow runs outward from the distal

portion of the rim about the central canal, which is usually not quite so broad as

half the width of the canal
;
its sides are parallel, or very slightly divergent.

The distal border of the interarticular fossae is parallel to the transverse ridge,
and shows a slight convexity near the intermuscular furrow. The proximal part
of the low septum forming the distal border begins to curve gradually downward
at about half the distance from the outer border to the intermuscular furrow, join-

ing the distal border of the transverse ridge to one side of the perpendicular pass-

ing through the lateral border of the central canal, usually about as far distant as

the dorsoventral (lesser) diameter of the central canal. The height of the inter-

articular ligament fossae is a little less than that of the dorsal ligament fossa.

The muscular fossae are large and well rounded; they are about twice the

height of the interarticular ligament fossre. The distal margin may be a broadly
rounded triangle with the apex near the outer side, or it may be nearly trapezoidal
with the inner distal angle more rounded than the outer. The lower inner corners

of the muscular fossa? are occupied by a supplementary muscle plate which rises

rather suddenly to about half the height of the interarticular ligament fossse, makes
a broad curve and extends outward and downward nearly in a straight line to the

distal outer angle of the interarticular ligament fossae. The inner portion of the

distal border of the interarticular ligament fossae is frequently depressed almost

to the proximal edge of this distal border, and this sunken area is somewhat raised

in the center and convex on the outer edge, so that it becomes a second supple-

mentary muscle plate resembling that seen in Perometro diomedecc.

There is no calcareous deposit on the inner surface of the radial pentagon or

upon the ventral surface of the rosette.

142140 21 Bull. 82 5
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Diameter of radial pentagon at base, 6 mm.
; height of articular face (measured

along the inclination), 2.5 mm.; width, at transverse ridge, 3.7 mm.; distance from

center of rosette to middle of dorsal outer edge of radial, 3 mm.
;
distance from

center of ventral face of radial pentagon to middle of ventral edge of radial.

0.8 mm.
;
to apex of interradial angle, 2.5 mm.

TROPIOM ETItA I'ICTA.

Figs. 62, 63, p. 33.

TROPIOMETRA CARTNATA.

Figs. 971, 972, pi. 2.

CALOMETRID^E.

The articular faces of the radials are approximately crescentic and are entirely

separated from each other as in Comatilia.

The dorsal ligament fossa is nearly semicircular.

The interarticular ligament fossae have the distal border deeply concave, par-

allel to the distal border of the joint face; the outer borders are about as high as

the median height of the dorsal ligament fossa.

The muscular fossse are very narrow, about as broad as the dorsoventral

diameter of the central canal, forming a band-like border along the distal edges
of the interarticular ligament fossse.

The ventral surface of the radial pentagon is very widely open ;
there is a

small central plug in the middle.

NEOMETRA MULTICOLOR.

Figs. 65, 66, p. 43.

The radial faces are approximately crescentic; the outer (dorsal) edge forms

almost a semicircle, while the inner (ventral) border is strongly and evenly con-

cave, the concavity in the median line reaching almost down to the central canal.

The plane of the radial faces makes only a very slight angle with the dorsoventral

axis. The radial faces are entirely and rather widely separated by a bare, slightly

hollowed interradial area, which is rounded and sometimes more or less spatulate

distally. The radials are in unusually close apposition, so that the suture between

them is rarely visible.

The dorsal ligament fossa is about two and one-half times as broad as long.

The proximal edge is evenly curved, and its curve is regularly continued anteriorly.

The central canal is more flattened than usual, being elliptical and about twice

as broad as long. It is bordered laterally and distally by a narrow, low, and more

or less inconspicuous ridge.

The distal border of the interarticular ligament fossse is narrow, low, and incon-

spicuous; arising from a point on either side of the median distal portion of the

ventrolateral ridge about the central canal it runs outward, deeply concave and
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parallel to the outer edge of the radial face, reaching the lateral edge of the joint

face at a point as high above the ends of the transverse ridge as the maximum depth
of the dorsal ligament fossa.

The muscular fossae are very narrow, uniform in width, strongly concave, about

as broad as the dorsoventral diameter of the central canal, and run along the outer

edges of the interarticular ligament fossae. Interiorly their distal edges are curved

downward, so that their interior edges, which are parallel and run to the rim

about the central canal, are separated by a shallow furrow about equal to half the

horizontal diameter of the central canal in width; this shallow furrow has a very

broadly open V- or U-shaped median notch distally, and may contain a slight

narrow median ridge.

The ventral surface of the radial pentagon is hollowed out in the form of a

deeply concave broad pit, the edges of which are coincident with the edges of the

muscular fossae. A small area on the floor of this pit, just above the rosette, is

formed by a porous calcareous deposit.

Diameter of radial pentagon at base, 3.7 mm.
;
median height of articular face,

1.2 mm.
;
distance from base of radial pentagon to end of interradial process, 2 mm.

;

width of articular face, at transverse ridge, 1.9 mm.
;
distance from center of rosette

to middle of dorsal outer edge of radial, 1.8 mm.
;
diameter of ventral surface of

radial pentagon, 3.2 mm.

THALASSOMETRID.3E and CHARITOMETRIDJE.

The radial articular faces of the species of these two families have much in

common and may advantageously be discussed together.
The interarticular ligament fossae make an angle with the dorsoventral axis

of the animal of about 60, and are themselves approximately equilateral triangles
with their inner angles truncated.

The muscular fossae are usually trapezoidal or rounded triangular and are

parallel to the dorsoventral axis, or lie in the same planes as the interarticular liga-

ment fossae.

The excavation of the various elements of the joint face is moderately deep.
The rim about the central canal and the distal border of the transverse ridge

are narrow and stand well up from the deep interarticular ligament fossae.

The dorsal ligament fossa may be in the same plane as the interarticular liga-

ment fossae, or it may make a slightly lesser angle with the dorsoventral axis of

the animal.

The dorsal ligament fossa is well rounded proximally and is about as high as

the interarticular ligament fossae.

The centra] canal is oval, moderate in size, or rather large.

The muscular fossae are usually separated interiorly by an intermuscular

septum, which at first is high, but soon becomes low, and which is often concave or

grooved along its apex. In Stytometra there is an intermuscular furrow with par-
allel sides, carndng in its center a rounded ridge, which is about half as wide as

the central canal.
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The muscular fossae are always higher than the interarticular ligament fossae,

sometimes much higher, and they may include one or two pairs of supplementary

fossae, or may show two or three ridges parallel to their distal borders. There is

an intermuscular notch, which may be broad and shallow, or deep and very narrow.

There is a loose deposit of calcareous matter on the inner surface of the radials,

but it rarely conceals them entirely, or obscures the central canal.

The ventral surface of the radial pentagon is stellate in outline, but the incisions

are rarely deep.
THALASSOMETEID^.

The muscular fossae lie in a plane nearly or quite parallel to the dorsoventral

axis of the animal, which makes an angle of nearly or quite 120 with the plane
of the interarticular ligament fossae. They are more or less trapezoidal in shape.

Their area is almost always somewhat, usually much, greater than that of the inter-

articular ligament fossae.

The distal (inner) borders of the interarticular ligament fossae make an angle
of 60 or rather less with the transverse ridge.

In the immature stages the radial articular faces of the species of Thalas-

sometridae appear to resemble those of the species of Charitometridse, suggesting, as

do the cirri, that the Thalassometridae are more specialized than the Charitometridse.

PTILOMETRIN.E.

PTILOMETRA MULLERI.

Figs. 67, 68, p. 43.

The radial articular faces are, in reference to the dorsoventral axis of the

animal, inclined at an angle of about 45, so that they are about at right angles to

each other.

The portion distal to the transverse ridge is rectangular, about three times as

broad as long. Interradially the dorsal ligament fossae are entirely separated, but

the ends of the transverse ridges and the elements of the joint faces distal to them

are in contact with the same parts of the adjacent joint faces.

The plane of the dorsal ligament fossa makes a very broadly obtuse angle with

the plane of the other elements of the joint face.

The dorsal ligament fossa is usually not quite twice as broad as long; the

proximal border is evenly curved.

The ridge about the central canal is broad and prominent, laterally falling

away, sometimes almost in a straight line, to the ends of the transverse ridge.

The interarticular ligament fossae are nearly or quite triangular, the distal

edges being nearly or quite horizontal, and the greatest (horizontal) length being
about twice the maximum vertical height ;

the outer borders are usually somewhat

concave
;
the inner apices rest on the distal side of the dorsal part of the rim about

the central canal, and are separated by a gap equal in breadth to about half the

horizontal diameter of the central canal.
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65

67

71

FIGS. 65-75. RADIAL PENTAGONS OF VARIOUS COMATULIDS. 65. NEOMETRA MULTICOLOR, LATERAL VIEW OF
KADIALS AND CENTBODOESAL. 66. SAME. VENTRAL VIEW OF RADIAL PENTAGON. 67. PTILOMBTRA MtLLERI,
LATERAL VIEW OF RADIALS AND CENTRODORSAL. 68. SAME. VENTRAL VIEW OF RADIAL PENTAGON. 69.

ASTEROMETRA MACROPODA, LATERAL VIEW OF HADIALS AND CKNTRODORSAL. 70. SAME, VENTRAL VIEW OF
RADIAL PENTAGON. 71. THALASSO.METRA VILLOSA, LATERAL VIEW OF RADIALS AND CENTRODORSAL. 72.

STYLOMETRA SPINIFERA, LATEKAL VIEW OF RADIALS AND CENTRODORSAL. 73. SAME, VENTRAL VIEW OF
RADIAL PENTAGON. 74. PARAMETHA ORION, LATERAL VIEW OF RADIALS AND CENTBODORSAL. 75. SAME,
VENTRAL VIEW OF RADIAL PENTAGON.
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The muscular fossse are usually narrowly linear, but the distal edge may be

more or less strongly convex. They are in breadth equal to about one-half the

horizontal diameter of the central canal. The outer edge inwardly turns down-

ward, so that the short inner edges are parallel ;
these run downward to the junction

of the distal edge of the interarticular ligament fossa? and the rim about the central

canal, and are separated by a shallow rounded furrow of about their own width.

This furrow is usually carried back for a slight distance over the ventral side of

the radials.

The muscular fossse lie in the same plane as the interarticular ligament fossse

and are always perfectly evident when the latter are viewed perpendicularly. They
do not, so far as I have seen, incline toward the horizontal so as to be with difficulty

recognizable in a direct view, as described by Carpenter.
The ventral face of the more or less stellate radial pentagon is moderately

concave, with more or less of a deposit of loose calcareous matter, especially toward

the center. The ventral surface of the radials, where not concealed by a secondary

deposit, is radially striate.

Diameter of radial pentagon at base, 5.5 mm.
; height of articular face

(measured along the inclination), 2 mm.; width, at transverse ridge, 2.6 mm.;
distance from center of rosette to middle of dorsal outer edge of radial, 2.7 mm.

;

distance from center of ventral face of radial pentagon to middle of ventral outer

edge of radial, 1 mm.
;
to apex of interradial angle, 1.5 mm.

FTILOMETRA MACRONEMA.

Figs. 973, 974, pi. 2.

ASTEROMETRA MACROPODA.

Figs. 69, 70, p. 43.

The portion of the radial articular face between the transverse ridge and the

distal end of the interarticular ligament fossse lies in a plane making an angle of

only about 30 with the plane at right angles to the dorsoventral axis of the

animal, so that this portion of the radial articular face as a whole makes an angle
of about 120 when the radial pentagon is viewed from the side. The dorsal liga-

ment fossa lies in a plane which makes a slight angle with the plane of the other

joint face elements. The muscular fossse stand up somewhat abruptly, inclining at

an angle of about 30 to the dorsoventral axis and at an angle of about 60 to

each other. The dorsal ligament fossae are entirely separated from each other, but

the ends of the transverse ridges are in contact. The lateral borders of the inter-

articular ligament fossse recede gradually from each other, forming between them a

narrow V-shaped interradial gap, but the outer edges of the muscular fossse,

curving outward, meet and are in apposition for almost their entire length.

The dorsal ligament fossre are about three times as broad as long, the proximal
border being regularly curved.

The rim about the central canal is broad and moderately high.
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The distal borders of the interarticular ligament fossas arise on the dorsal side

of the rim about the central canal and run outwardly at an angle of about 45 with

the transverse ridge to the outer edge of the joint face. The distal angle may be

somewhat rounded.

The muscular fossae are roughly rhombic in shape, the greater diameter being
about twice the lesser. The distal and outer sides are convex and the inner and
outer distal angles are well rounded, especially the former. The inner sides, inward

from the inner distal angles, are parallel and are well separated by a shallow furrow

equal in width to about half the horizontal diameter of the central canal, which

bears in the median line a narrow longitudinal ridge. In the proximal portion the

floor of this shallow furrow gradually rises and at the same time the sides gradu-

ally diverge, so that it merges, by a sort of triangular base, into the rim about the

central canal.

The ventral surface of the radial pentagon is strongly concave; the depressed
center is occupied by a plug of porous calcareous deposit; the ventral surface of

the radials is longitudinally striate.

Diameter of radial pentagon at base, 4 mm.
; height of articular face (measured

along the inclination), 2.8 mm.; width, at transverse ridge, 3 mm.; distance from
center of the rosette to middle of dorsal outer edge of radial, 2 mm.

;
diameter of

ventral interarticular space, 2 mm.

THALASSOMETRIN.*:.

THAI,ASSOMETRA VILLOSA.

Fig. 71, p. 43.

The portion of the radial articular face distal to the transverse ridge lies in a

plane making an angle of approximately 60 with the dorsoventral axis of the

animal until the distal half of the muscular fossae is reached
;
these are parallel

with the dorsoventral axis, and at the tip turn slightly outward. The plane touch-

ing the edges of the dorsal ligament fossa lies at an obtuse angle with the plane
of the interarticular ligament fossae, and makes only a small angle with the dorso-

ventral axis. The adjacent radial articular faces are in close contact with each

other except distally, where the eversion of the tips of the muscular fossae cause

the formation of narrow V-shaped gaps between them.

The dorsal ligament fossa? are about two and one-half times as broad as long,

moderate^ and evenly curved proximally, but turning up rather abruptly at the

ends. They are entirely separated from their neighbors, but the ends of the trans-

verse ridges are just in contact.

The rim about the central canal is strong and very prominent, as high as the

distal part of the transverse ridge. The distal border of the interarticular liga-
ment fossse is formed by a sharp ridge considerably lower than the rim about the

central canal which arises on the side of that rim midway between its distal center

and the place where it joins the transverse ridge and runs, making an angle of 60

with the transverse ridge, to the edge of the joint face.
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The muscular fossae are very long and narrow. The sides at first converge,
as the outer edges continue the direction of the lateral edges of the interarticular

ligament fossae, but soon become parallel, and near the tip diverge very slightly. The

length of the muscular fossae is somewhat over twice the length of their proximal

border, which latter is nearly twice their distal width. The two muscular fossae

are separated internally by a narrow rounded ridge arising from the median distal

portion of the rim about the central canal, at first as high as that rim, but gradually

decreasing in height and terminally, as the rounded distal ends of the muscular

fossae begin to separate, branching, and dying away in a slight thickening of the

inner side of the distal edge.

There is no ventral calcareous deposit between the radials.

Diameter of radial pentagon at base, 3.9 mm.
; height of articular face (meas-

ured along the inclination), 2.5 mm.; width, at transverse ridge, 2 mm.; distance

from center of rosette to middle of dorsal outer edge of radial, 1.6 mm.
;
diameter of

ventral interarticular space, 1 mm.

THALASSOMETRA AGASSIZII.

See figs. 981-983, pi. 3.

STYLOMETRA SPINrFERA.

Figs. 72, 73, p. 43.

The joint face elements distal to the transverse ridge slant inward at an angle
of nearly 45 with the dorsoventral axis of the animal, so that they make almost

a right angle with each other; the plane of the edges of the dorsal ligament fossa

makes a very broadly obtuse angle with the remaining elements of the joint face;

the sides of the interarticular ligament and muscular fossae together are slightly

and evenly concave. The rim about the central canal, which is large and more

nearly circular than usual, is prominent but low.

Adjacent radial articular faces are separated slightly over the interradial

planes by very narrowly V-shaped gaps which extend downward nearly to the

transverse ridges.

The dorsal ligament fossa is narrow, nearly or quite three times as broad as

long, moderately curved proximally, but becoming more nearly straight toward

either side
;
the ends are slightly truncated, so that the ends of the dorsal ligament

bundles, as well as the ends of the transverse ridges, are in contact interradially.

The outer sides of the interarticular ligament fossae are somewhat concave;
the general shape of the interarticular ligament fossae is that of an equilateral

triangle of which the inner angles would be, if not broadly truncated, at the center

of the proximal border of the central canal ; the distal angle is rendered especially
acute by the concavity of the outer side.

The muscular fossae are comparatively small, their area being approximately
the same as that of the interarticular ligament fossae. Their shape suggests that

of the shells of such genera as Pinna; their inner borders are straight and parallel,
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nearly as far apart as the dorsoventral diameter of the central canal; their proxi-
mal edges are delimited by the raised distal inner edges of the interarticular

ligament fossae, and make an angle of about 30 with the inner edges; the inner

edges are about one-third longer than the proximal edges; the distal edges, con-

necting the inner and the proximal edges, make a very full curve, in some cases

almost or quite a semicircle. The muscular fossae are inwardly separated by a

shallow furrow which runs up to the level of the distal angles of the interarticular

ligament fossae; beyond the end of this f\irrow the muscular fossae are separated

merely by a gap ;
this furrow is outwardly bordered by the raised inner edges of

the muscular fossae, and along its center carries a median ridge of the same width

and height.

There is no calcareous deposit on the ventral surface of the radials.

Diameter of radial pentagon at base, 4.5 mm.; height of articular face (meas-
ured along the inclination), 2.4 mm.; width, at transverse ridge, 2.3 mm.; distance

from center of rosette to middle of dorsal outer edge of radial, 2 mm.
;
diameter of

ventral interarticular space, 1.5 mm.

PAKAMETRA ORION.

Figs. 74, 75, p. 43.

The plane of the joint face elements distal to the transverse ridge at first

makes an angle of 45 with the dorsoventral axis, but the muscular fossae gradually
curve upward beyond the middle, becoming almost parallel with the dorsoventral

axis, and turning outward rather abruptly at the tip; the dorsal ligament fossa

is not quite in the same plane as the other joint face elements, making with them
a very broadly obtuse angle. The rim about the central canal is high, prominent,
and rather broad. The radial faces are separated from each other in the inter-

radial angles by very narrow slits which extend downward almost to the trans-

verse ridges.

The dorsal ligament fossae are low, about three times as broad as long, slightly

convex proximally, very broadly rounded at either end so as to appear more or

less semielliptical. They are entirely separated from their neighbors, but the ends

of the transverse ridges of adjacent joint faces meet interradially.

The interarticular ligament fossae are in the form of equilateral triangles,

with the interior angles broadly truncated by the rim about the central canal.

The outer and distal borders are rather prominently raised.

The muscular fossae are long and narrow, inwardly about four, outwardly
about three, times as long as broad. The inner and outer edges are almost parallel,

the latter being only very slightly concave ; the distal ends are well rounded. In-

wardly the muscular fossse are separated by a narrow double ridge, which at first

is as high as the distal portion of the rim about the central canal but gradually
decreases in height and soon becomes low, composed of the upturned and appressed
inner edges of the muscular fossae.

There is no calcareous deposit on the ventral surface of the radials.
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Diameter of radial pentagon at base, 3.7 mm.
; height of radial articular face

(measured along the inclination), 2.C mm.: width, at transverse ridge, 2 mm.;

distance from center of rosette to middle of outer dorsal edge of radial, 1.5 mm.
;

diameter of ventral interarticular space, 0.8 mm.

STENOMETRA QUINQUECO9TATA.

See figs. 979, 980, pi. 2.

STIREMETRA BREVIRADIA.

See figs. 975-978, pi. 2.

CHARITOMETRID^E.

The muscular fossae lie in the same plane as the interarticular ligament fossae,

and are rounded triangular in shape ;
their area is but slightly when at all, greater

than that of the interarticular ligament fossae; the distal (inner) edges of the

interarticular ligament fossae make an angle of rather more than 60 with the

transverse ridge.

CRINOMETRA INSCULPTA.

Figs. 76, 77, p. 53.

The portions of the radial articular faces distal to the transverse ridge make
an angle of about 30 with the dorsoventral axis. The muscular fossae lie in the

same plane as the interarticular ligament fossae and do not curve outward dis-

tally. The plane of the dorsal ligament fossa makes a broadly obtuse angle with

the plane of the other elements of the joint face. In the interradial angles the

radial faces are separated from each other by a rather broad lenticular gap

extending from the ends of the transverse ridges to the distal angles of the inter-

articular ligament fossae. The muscular fossae are separated interiorly by a

V-shaped gap, the ends of which curve outward.

The dorsal ligament fossa is about two and one-half times as broad as long,

with the proximal border evenly curved. The dorsal ligament fossae are entirely

separated laterally, but the ends of the transverse ridges join across the inter-

radial angles.

The proximal outer and distal angles of the interarticular ligament fossae,

together with the middle of the proximal edge of the central canal, form the three

apices of an equilateral triangle. The inner angles of these triangles are very

broadly truncated by the very broad, though rather low, lateral portion of the

raised rim about the central canal. The distal portion of this rim is narrow, low,
and poorly denned. The outer borders of the interarticular ligament fossae are

very strongly concave, so that these fossae appear narrow with very acute distal

angles.

The muscular fossae are comparatively small, triangular or Pinna-shaped,
with the distal (inner) apex broadly rounded off, the outer borders being the

continuation of the line from the end of the transverse ridge through the distal
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angle of the interarticular ligament fossae. The muscular fossae are separated

interiorly by a shallow furrow, which expands somewhat at the proximal end, the

sides of which are parallel and about as far apart as one-half the horizontal

diameter of the central canal. The muscular fossse bear three strongly marked

equidistant narrow ridges parallel to the distal border.

The ventral surface of the radial pentagon is obscured by a small plug of

spongy calcareous deposit, which is almost completely separated from the radials

themselves by five large circular radial gaps and numerous smaller ones.

The furrow between the radials extends to the height of the most distal

of the three ridges on the face of the muscular fossae.

Diameter of radial pentagon at base, 5.6 mm.
; height of articular face (meas-

ured along the inclination), 2.9 mm.; width, at transverse ridge, 2.2 mm.; dis-

tance from center of rosette to middle of dorsal outer edge of radial, 2.3 mm.;
diameter of ventral intermuscular space, 1.2 mm.

PACHYLOMETRA IN.EQUALIS.

See figs. 086, 9S7, pi. 3.

PERISSOMETRA ANGUSTICAI/TX.

See figs. !)84, 985, pi. 3.

PO2CILOMETRA ACCELA.

See figs. 988, 989, pi. 3.

CHAR1TOMETRA BASICURVA.

See figs. 990, 991, pi. 3.

CHARITOMETRA INCISA.

See figs. 902, 993. pi. 3.

MACROPHREATA.

The radial articular faces of the Macrophreata exhibit a remarkable homo-

geneity, in sharp contrast to the plasticity apparent in the same structures in the

oligophreate families; in fact, the entire range of variation found in the Macro-

phreata is less than that seen in any of the larger oligophreate families, excepting

only the Zygometridse.
Thus an examination of the radial articular faces, no less than a close exami-

nation of the other structures, emphasizes the homogeneity of this group as now
understood.

The radial pentagon of the macrophreate forms differs from that of the

oligophreate species in three essential particulars: (1) There is no calcareous

deposit on the inner surface of the radials nor upon the ventral surface of the

rosette, so that there is no trace of any central plug; (2) the plane of the mus-
cular fossae is nearly or quite parallel to the dorsoventral axis of the animal, so
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that the muscular fossae are only separated from the very large central cavity

by thin calcareous lamina, which are quite different from the more or less thick

wedges seen in the Oligophreata ; (3) the joint face elements distal to the transverse

verse ridge are strongly excavated, especially interiorly, so that they meet in the

median dorsoventral line at an angle of usually 90. This results in the forma-

tion of a sort of tube or tunnel about the central canal, for the rim about the

central canal and the associated structures are always on the same articular level

as the transverse ridge, no matter how deep the excavation of the joint face may be.

The dorsal ligament fossa usually equals the interarticular ligament fossae in

height, and its proximal border is rather strongly convex, sometimes even rounded-

triangular. It is deeply excavated, so that the ligament pit is usually rendered

more or less obsolete, sometimes being evident only as a shallow and broad groove
on the lower (dorsal) side of the transverse ridge.

The interarticular ligament fossae are usually triangular with their inner

angles truncated, but their distal border rarely makes so great an angle as 60

with the transverse ridge Frequently the distal border inwardly makes an angle
of from 45 to 60 with the transverse ridge, but gradually curves outward so that

outwardly it is almost or quite parallel to the transverse ridge, or even slopes more
or less downward.

The septum bounding the interarticular ligament fossae anteriorly is inwardly

very high and rather narrow. In profile it is seen to decrease very rapidly in

height at first, then to make a broad curve and to decrease gradually and evenly
to its outer end ; in a few forms this septum is so reduced as only to be indicated

by a low narrow ridge, or it may entirely disappear before the outer edge of the

joint face is reached. The outer edge of the interarticular ligament fossae is

usually straight, but it may be strongly concave or strongly convex.

The muscular fossae are always larger, usually much larger, than the inter-

articular ligament fossae, and they are always very thin and broadly rounded;

they are separated interiorly by a septum which is usually narrow and high, and

their tips are separated by a more or less developed intermuscular notch.

The central canal is large and well rounded, and is bordered by a high
narrow rim.

ANTEDONID^E.

ANTEDONIN.E.

The articular faces of the radials are broader than high. They are inclined

inward at an angle of approximately 60 with the dorsoventral axis and are entirely,

though slightly, separated from each other interradially. All of the joint face

elements lie approximately in the same plane. The muscular fossae are but

slightly larger than the interarticular ligament fossae, which are of about the

same height as the dorsal ligament fosste. The proximal border of the dorsal

ligament fossae is strongly convex. The distal borders of the interarticular liga-
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ment fossae may make an angle of 45 with the transverse ridge, are usually

more nearly horizontal. They may carry a supplementary boss at the inner angles.

The outer borders are usually slightly convex; the muscular fossae are broadly

rounded, quadrilateral, usually broader than high, though they may be slightly

higher than broad if the distal border of the interarticular ligament fossae is

very oblique. Their lateral edges project slightly, if at all, beyond those of the

interarticular ligament fossae and maintain the same general direction. The
muscular fossae are separated interiorly by a broad intermuscular septum which

is more or less concave at its summit and is broader proximally than distally.

The intermuscular notch is shallow and broadly rounded proximally.

ANTEDON PETASUS.

Fig. 78, p. 53.

The dorsal ligament fossa is about two and one-half times as broad as high,

with the proximal border semielliptical. The ligament pit is shallow, somewhat

larger than the central canal, with which it is confluent distally.

The outer edge of the interarticular ligament fossae is nearly or quite straight

and makes an angle of about 60 or 70 with the transverse ridge. It is about

half as long as the distance from the end of the transverse ridge to the edge of

the central canal. From the distal corner the distal edge of the interarticular

ligament fossae slopes inward, making a small angle with the transverse ridge
and joining the intermuscular septum at a level about as far above the level of

the distal border of the central canal as the median diameter of the canal. This

distal border of the interarticular ligament fossae is straight or slightly convex
;

in profile it is seen to be a high ridge rapidly decreasing in height outwardly,
with a prominent broad, shallow, rounded notch about halfway between its inner

and outer ends. Its inner portion bears on the outer side a prominent supple-

mentary muscle plate which extends outward about halfway to the outer end.

The intermuscular septum is very broad, just over the central canal being

nearly as broad as the diameter of that canal. It narrows distally and beyond
the supplementary muscle plates is only about half as wide, with parallel sides.

It carries a broad, shallow median groove, which, just over the central canal, is

more or less expanded and somewhat deepened.
The muscular fossae are about as high as the dorsal ligament fossae; the

outer side is broadly rounded ; the intermuscular notch is well rounded, its sides

making with each other an angle of approximately 90.

The elements of the joint face distal to the transverse ridge make, when
viewed in profile, an angle of about 90 with each other.

There is little or no calcareous deposit within the ventral portion of the

radial pentagon.

Height of articular face (measured along the inclination), 1.4 mm.; width,
at transverse ridge, 2 mm.
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AXTEDON MEDITEPRANEA.

Fig. 79, p. 53.

The radial articular faces of this species differ but very slightly from those of

A. petasus.
The chief difference is in the intermuscular septum, which diminishes rapidly

distally instead of being parallel sided as in A. petasus.

The ridge forming the distal border of the interarticular ligament fossae

is not nearly so high and well developed, and the angle which it makes with the

transverse ridge is somewhat greater.

The muscular fossae are proportionately smaller than those of A. petasus, and

the ends of the dorsal ligament fossae are much more acute.

The difference in the shape of the muscular fossae as shown in the figures is

merely a matter of individual variation, the muscular fossae being the most variable

elements of the joint face.

As in A. petasus, there is little or no calcareous deposit within the ventral sur-

face of the radial pentagon.

Height of articular face (measured along the im-lination), 1.4 mm.; width, at

transverse ridge, 2.2 mm.

ANTEDON ADKIATICA.

Fig. 80, p. 53.

There appears to be but little difference between the radial articular faces

of this species and those of A. mediterranea. The muscular fossae are propor-

tionately slightly smaller with the outer distal angles more broadly rounded, and

the interarticular ligament fossae are narrower as a consequence of their anterior

border making a considerably less angle with the transverse ridge.

ANTEDON BIFIDA.

Figs. 904-096, pi. 4.

COXII'SOMETRA LOVEXI.

Fig. 81, p. 53.

The dorsal ligament fossa is about three times as broad as high, with the

proximal border well rounded. The ligament pit is about as large as the central

canal, but is not strongly marked.

The ends of the transverse ridges are not quite in contact interradially.
The interarticular ligament fossae are separated interradially by a narrow, shallow,

parallel-sided groove, which becomes narrower or almost closed between the mus-
cular fossae.

The outer edge of the interarticular fossae is straight and makes an angle of

about 60 with the transverse ridge. The distal edge is straight and makes an

angle of about 45 with the transverse ridge.
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86

I''IGS. 76-88. RADIAL PENTAGONS OF VARIOUS COMATULIDS. 76. CEINOMETRA COXCINXA, LATERAL VIEW OF
KADIALS AND CBNTRODOHSAL. 77. SAME, VENTRAL VIEW OP RADIAL PENTAGON. 78. ANTEDON PETASUS,
LATERAL VIEW OF RADIALS AND CENTRODOHSAL. 79. ANTEDON MEDITEHRANKA, LATERAL VIEW OP HADIALS
AND CENTSODORSAL. 80. ANTEDON ADRIATICA, LATEHAL VIEW OF RADIALS AND CENTRODOKSAL. 81. COMP-
SOMETRA LOVENI, LATERAL VIEW OF HADIALS AND CENTEODORSAL. 82. PEROMETRA DIOMEDE.B, LATERAL
VIEW OF HADIALS AND CENTRODOHSAL. 83. SAME, FROM ANOTHER SPECIMEN. 84. SAME SPECIES, VENTBAt
VIEW OF RADIAL PENTAGON. 85. HYPALOMETRA DEFECTA, LATERAL VIEW OF RADIALS AND CENTRODORSAL.
86. SAME, VENTRAL VIEW OF RADIAL PENTAGON. 87. EBYTHROMETRA RL'BEH, LATERAL VIEW OF RADIALS
AND CENTRODORSAL. 88. SAME, VENTRAL VIEW OF BADIAL PENTAGON.
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The height of the muscular fossae is about equal to that of the interarticular

ligament fossae. Their inner and proximal edges are about equal in length and
make an angle of about 45 with each other. The outer and distal edges also are

of equal length, but shorter than the others, so that the outer edges continue the

direction of the outer edges of the interarticular ligament fossae.

The muscular fossa? are separated interiorly by a broad and rather high inter-

muscular ridge. The intermuscular notch is small and shallow, or nearly obsolete.

There is no calcareous deposit within the ventral surface of the radial pentagon.
Diameter of radial pentagon at base, 1.5 mm.

; height of articular face (meas-
ured along the inclination), 0.8 mm.; width, at transverse ridge, 0.7 mm.; distance

from center of rosette to middle of outer distal edge of radial, 0.6 mm.

THTSANOMTKTRINJE.

THYSANOMETRA TENEULOIDES.

Figs. 89, 90, p. 62.

The dorsal ligament fossa is very narrow, four times as broad as high, or even

somewhat broader; the proximal border is regularly semielliptical. The ligament

pit is about as large as the transversely oval central canal, but is only faintly
marked.

The transverse ridges are nearly or quite confluent across the interradial planes,
but the dorsal ligament fossae are widely free

;
the interarticular ligament fossae are

separated interradially by a moderately wide deep furrow. The muscular fossae

are usually in close lateral apposition, but they may be separated in a manner
similar to the interarticular ligament fossae.

The outer edge of the interarticular ligament fossae is usually more or less

strongly concave, and makes typically a general angle of about 60 with the trans-

verse ridge. It is about half as long as the distance between the outer ends of the

transverse ridge and the outer edge of the central canal, or slightly shorter. The
distal edge runs inward and upward at an angle of nearly or quite 30 to the trans-

verse ridge, soon beginning to curve and making a broad sweep to a point on the

intermuscular structures slightly farther from the transverse ridge than the distal

lateral angles of the interarticular ligament fossae. The height of the convexity is

rather over one-third of the distance along the septum from the inner to the

outer end.

Beyond the central canal, separated from it by a narrow ridge, there is a more
or less rhombic area, depressed centrally, the proximal sides of which are delimited

by the converging inner ends of the distal borders of the interarticular ligament

fossae, which stand up as low, narrow, rounded ridges above the general surface.

The maximum width of this area, which is at the point where the distal borders

of the interarticular ligament fossae in curving outward become free, is about equal
to the transverse (greater) diameter of the central canal. From this point onward
it gradually narrows anteriorly and comes almost to a point at the proximal end
of the intermuscular notch.
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The muscular fossae are nearly or quite half again as broad as high, sub-

quadrangular, with broadly rounded distal corners and distal edge. There is a

very narrow, but very deep, intermuscular notch which reaches downward for

about half the distance from the distal edge of the muscular fossae to the distal

edge of the central canal. This notch is rounded proximally and is always more

or less obscured by the closing together of the muscular fossae over it.

The joint face elements distal to the transverse ridge slope inward, at first

making an angle of about 45 with the plane passing through the middle of the

joint face and including the dorsoventral axis of the animal, but they gradually
curve around and at the middle of the joint face are parallel to the transverse

ridge, so that the inner portion of the joint face, instead of being a reentrant right

angle, is broadly rounded. This also results in a considerable shortening of the

distance of incision of the reentrant angles of the stellate border of the ventral

surface of the radial pentagon.
There is scarcely more than a trace of calcareous deposit within the ventral

surface of the radial pentagon.
Diameter of radial pentagon at base, 5 mm.

; height of articular face (meas-
ured along the inclination), 2.7 mm.; width, at transverse ridge, 3.8 mm.; distance

from center of rosette to middle of dorsal outer edge of radial, 2.1 mm.
;
diameter

of ventral interarticular space, 1.9 mm.

COCCOMETRA HAGENII.

Figs. 112, 113, p. 67.

The dorsal ligament fossa is about three times as broad as long, with the

proximal border semielliptical. Only that part of the ligament pit just under the

transverse ridge is indicated; this is very narrow, somewhat broader than the

central canal.

The ends of the transverse ridges just join over the interradial planes, but the

dorsal ligament fossae are entirely free laterally. The interarticular ligament fossae

are laterally separated by a moderately deep narrowly V-shaped furrow, which is

almost or quite bridged over by the distal half of the muscular fossae.

The interarticular ligament fossae are rather deeply excavated and are prac-

tically equilateral triangles with their inner angles truncated by the rim about the

central canal. The distal border is slightly convex.

The intermuscular ridge is high and broad proximally, but decreases rather

rapidly in height and breadth in the proximal third, more gradually from that

point onward.

The muscular fossae are narrow and high, rounded triangular. Their height
is somewhat over twice their maximum width, and about the same as the height
of the interarticular ligament and dorsal ligament fossae combined. Their outer

edge has practically the same direction as the outer edge of the interarticular

ligament fossae.

There is no calcareous deposit within the ventral surface of the radial pentagon.

142140 21 Bull. 82 6
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Height of articular face (measured along the inclination), 1.9 mm.; width,

at transverse ridge, 1.5 mm.
;
distance from center of rosette to middle of outer

dorsal edge of radial, 0.9 mm.

PEROMETKINJS.

The radials project much more than usual from the centrodorsal, so that the

proximal border of the dorsal ligament fossae is considerably beyond the periphery
of the ventral rim of the centrodorsal.

The exposed dorsal surface of the radials is slightly concave in profile instead

of, as usual, more or less convex.

The radial articular faces are broader than high and are inclined inward at

an angle of approximately 60 with the dorsoventral axis.

They are entirely, though slightly, separated from each other interradially.

All the joint face elements lie in the same plane. The muscular fossae are not

greatly larger than the interarticular ligament fossae, which are about the same

height as the dorsal ligament fossa. The proximal border of the dorsal ligament
fossa is slightty flattened. The general direction of the distal border of the inter-

articular ligament fossae is upward and outward, at an angle of 45 to the trans-

verse ridge. The distal border of the interarticular ligament fossae is, owing to

the comparatively small amount of excavation of the inner portion of the joint

face, rather low; it may bear a supplemental' boss at its inner end; the outer

border may be straight, slightly convex, or moderately concave. The muscular

fossae are separated interiorly by a broad low intermuscular septum with parallel

sides, which may be more or less concave along its summit. The intermuscular

notch is broad, not very deep, and well rounded proximally.
The inner sides of the radials slope inward, so that the inner part of the radial

pentagon is funnel-shaped instead of a hollow cylinder as usual, and the free

central canal is therefore comparatively small. There is more or less of a deposi-

tion of calcareous matter within the radial pentagon and on the ventral surface

of the rosette.

PEROMETRA DIOMEDE^.

Figs. 82-84, p. 53.

The dorsal ligament fossa is narrow, about three times as broad as high,

with the proximal border semielliptical or slightly flattened. The ligament pit

is reniform or broadly oval, somewhat larger than the central canal but not

strongly marked.

Each articular face is entirely separated from its neighbors by a shallow

furrow, which at the ends of the transverse ridges is about as broad as the central

canal, becoming slightly broader between the interarticular ligament fossae and

considerably narrower between the muscular fossae.

The interarticular ligament fossae are somewhat higher than the dorsal liga-

ment fossa. Their outer border is more or less concave and makes a general
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angle of about 60 with the transverse ridge, this angle being somewhat less in

small specimens.
The inner edges of the ridges forming the distal borders of the interarticular

ligament fossae are swollen and stand out as rounded bosses.

The intermuscular furrow is shallow and about half as broad as the central

canal.

The muscular fossae are but little larger than the interarticular ligament

fossae and are approximately rhombic in shape, with the outer and inner distal

angles well rounded. Their outer edge is less than that of the interarticular

ligament fossae.

There is more or less of a calcareous deposit within the ventral concavity of

the radial pentagon, so that the rosette is not visible in ventral view.

Diameter of radial pentagon at base. 2.3 mm.; height of articular face (meas-

ured along the inclination), 1.4 mm.; width, at transverse ridge, 1.8 mm.; diameter

of ventral interarticular space, 1.8 mm.

ERTTHROMETRA RUBER.

Figs. 87, 88, p. 53.

The dorsal ligament fossa is about two and one-half times as broad as high,

well rounded proximally. The ligament pit is about the size and shape of the

central canal, but is only faintly marked.

The adjacent articular faces are separated interradially by a narrow shallow

furrow, which is about half as wide as the central canal. The sides of this

furrow are parallel, or it may be more or less constricted between the muscular

fossae. Proximally it is not constricted at the transverse ridge but gradually
bends outward, the edges continuing into the proximal borders of the dorsal

ligament fossae.

The outer edge of the interarticular ligament fossae is slightly convex and

is continued, as in Hathrometra prolixa, into the outer edge of the muscular

fossae. It makes a general angle of about 60 with the median axis of the joint

face. The distal edge makes an angle of about 45 with the transverse ridge;
it consists of a low ridge which rapidly decreases in height, so that in its outer

fourth or fifth it is barely indicated, or is absent altogether. It takes its origin

relatively low down on the sides of the rim surrounding the central canal so that a

line parallel to the transverse ridge passing through the distal border of the canal

also passes through the inner bases of the distal borders of the interarticular

ligament fossae.

The muscular fossae are small, being only slightly larger than the interarticular

ligament fossae. Their distal edges are about as long as, and are parallel with,
the distal edges of the interarticular ligament fossae, making, therefore, an angle
of about 90 with each other: outwardly they sweep in a broad curve and are

continued downward into the outer edges of the interarticular ligament fossae.

The muscular fossae are separated interiorly by a broad, low intermuscular

ridge.
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There is more or less of a calcareous deposit within the ventral surface of the

radial pentagon, but it is scarcely sufficient to conceal the rosette from ventral view.

Diameter of radial pentagon, 1.4 mm.
; height of articular face (measured

along the inclination), 0.7 mm.; width, at transverse ridge, 0.7 mm.; distance from

center of rosette to middle of outer dorsal edge of radial, 0.6 mm.
;
diameter of

ventral interarticular space, 0.7 mm.

HELIOMETRIN.E.

The articular faces are usually about as high as broad, or somewhat (never
over one-fourth) higher than broad.

The interarticular ligament and the muscular fossae usually make approxi-

mately the same angle with the dorsoventral plane of the radial, but the latter

may be more nearly parallel with the dorsoventral axis than the former, in which

case the inclination of the dorsal ligament fossa in reference to the dorsoventral

axis is intermediate between the two.

The interarticular ligament fossae are about as high as the well-rounded or

subtriangular dorsal ligament fossa, and about half as high as the muscular fossae.

Their outer border is usually more or less strongly concave; their distal border

usually makes an angle of from 30 to 45 with the transverse ridge, at least

inwardly ; outwardly it may become horizontal.

The muscular fossae are usually rounded triangular, though their sides may
be more or less parallel, at least proximally. Their distal angle is usually broadly

rounded, but its outer side may be more or less flattened.

The muscular fossae are separated interiorly by an intermuscular septum which
is usually high proximally but rather low for most of its length. It is commonly
very narrow but may be considerably broadened in correlation with a general

broadening of all the central calcareous structures, especially the inner ends of

the distal border of the interarticular ligament fossa?. Distally the muscular

fossae are separated by an intermuscular notch which is narrow and sharp pointed

proximally if the intermuscular septum is narrow, but proportionately broad and
rounded proximally if the intermuscular furrow is broad.

The central canal is large, circular to broadly oval in shape; the ligament

pit is large, considerably larger than the central canal, but only slightly marked.

PROMACHOCRINUS KERGT7ELENSIS.

See figs. 1001, 1002, pi. 4

SOLANOMETRA ANTARCTICA.

See figs. 097, 998, pi. 4.

FLOROMETRA ASPERRIMA.

Figs. 97, 98, p. 62.

The dorsal ligament fossa is narrow, rounded triangular, three or four times as

broad as high. The ligament pit is about twice as broad as the central canal,

reniform, but only faintly marked.
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The transverse ridges of adjacent articular faces join interradially, and the

ends of the dorsal ligament fossae are slightly truncated and more or less con-

fluent. The interarticular ligament fossae are separated interradially by a narrow

parallel sided groove, but the thin lateral edges of the muscular fossae are in close

contact.

The lateral borders of the interarticular ligament fossae make an angle of,

in general, about 30 with the dorsoventral axis of the animal. Their central

portion is straight; proximally they at first retreat rather strongly from the ends

of the transverse ridge, and distally they retreat, less strongly, from the lower

outer angles of the muscular fossae. The interarticular ligament fossae are about as

high as the dorsal ligament fossa
;
their distal borders run from the distal angle

inward and downward, making an angle of between 30 and 40 with the trans-

verse ridge, joining the central calcareous structures at a height above the central

canal which is about equal to its horizontal (greater) diameter.

The calcareous prominence about and above the central canal is large and

broad
; roughly, it may be described as an equilateral triangle, the base of which

rests upon the transverse ridge, the apex being continued anteriorly into the nar-

row intermuscular septum. From the outer half of each side arise the ridges

forming the anterior borders of the interarticular ligament fossae. These are at

first broad, but narrow rapidly and are slender in their outer half. The portion
of the central calcareous structures distal to the central canal is more or less

excavated, so that its edges are raised into a more or less marked rim proximally
and laterally. It also slopes inward at a considerable angle, so that the inter-

muscular septum at its inception is only about one-half the height of the ridges

forming the distal border of the interarticular ligament fossae.

The intermuscular septum is comparatively low
;
it decreases slowly and evenly

in height distally, ending at the intermuscular notch. Its sides are nearly or

quite parallel.

The outer borders of the muscular fossae are parallel to the dorsoventral axis

of the animal, and are about as long as the outer edges of the interarticular

ligament fossae. The distal edges make an angle of about 40 with the transverse

ridge until near the median axis of the joint face, when they turn rather abruptly
downward to form a rather broad intermuscular notch which reaches a depth of

from one-third to one-half of the length of the intermuscular septum. The outer

distal angle of the muscular fossae, between the outer and the distal edges, like

the distal angle on either side of the intermuscular notch, is only moderately

rounded, rather less so than the latter.

The elements of the joint face distal to the transverse ridge on either side of

the median line of the joint face make with each other an angle of about 90, so

that the inner part of the joint face is very deep; but the apex of the groove is

rather broadly rounded off, so that the inner part of the articular faces encroaches

comparatively little upon the ventral face of the radial pentagon.
There are at most only a few threads of calcareous matter within the central

cavity of the radial pentagon, so that the rosette is in plain view from the

ventral side.
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Diameter of radial pentagon at base, 7 mm.; height of articular face (meas-
ured along the inclination), 4 mm.; width, at transverse ridge, 3.7 mm.; distance

from center of rosette to middle of dorsal outer edge of radial, 3 mm.; diameter of

ventral interarticular space, 1.9 mm.

FLOROMETHA PERPLEXA.

Figs. 95, 96, p. 62, and 1009-1014. pi. 5.

In general the radial articular faces in this species resemble those of

F. asperrima. The central calcareous structures, however, are much larger, their

base occupying a distance along the transverse ridge equal to one-half the entire

length of the ridge. The central portion of these structures is roughly oblong,
half again as broad as high, with the distal angles produced outward and slightly

upward. On account of the large size of these central structures the interarticular

ligament fossae are much restricted, and do not extend inward more than halfway
to the median axis of the joint face. The proximal border of the interarticular

ligament fossae is more evenly curved than in F. c/sjierrima. There is a slight

development of calcareous matter within the ventral cavity of the radial pentagon.
Diameter of radial pentagon at base, 6 mm. ; height of articular face (meas-

ured along the inclination), 3.4 mm.; width, at transverse ridge. 3 mm.; distance

from center of rosette to middle of dorsal outer edge of radial, 2.6 mm.
;
diameter

of ventral interarticular space, 1.6 mm.

FLOROMETRA TANNERI.

Fig. 1008, pi. 5.

The articular faces of the radials are about one-third again as high as broad.

The interarticular ligament fossae are inclined inward at an angle of from 60 to

80, but the muscular fossse are nearly or quite parallel with the dorsoventral axis

of the animal. The inclination of the dorsal ligament fossa is intermediate between

that of the interarticular ligament and the muscular fossae.

The interarticular ligament fossae are about as high as the well-rounded dorsal

ligament fossa, but less than one-half as high as the muscular fossse. Their distal

borders make an angle of about 45 with the transverse ridge, at least inwardly.
The outer portion may curve about so as to become nearly or quite horizontal (that

is, parallel to the transverse ridge).

The muscular fossae are narrow or broad, according to the angle made by the

interarticular ligament fossae with the dorsoventral axis; they are well rounded,

everywhere convex, their rounded lateral edges projecting considerably beyond the

straight or slightly convex ends of the interarticular ligament fossae.

The muscular fossse are separated interiorly by a high but rather narrow inter-

muscular septum, and distal to it by a wide intermuscular notch, broadly rounded
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proximally and with but slightly diverging sides, which is in depth equal to from

one-third to the entire length of the intermuscular furrow.

There is no deposit of calcareous matter within the ventral cavity of the

radial pentagon.
ZENOMETRA COLUMNARIS.

Figs. 93, 94, p. 02.

The dorsal ligament fossa is about three times as broad as high, with the

proximal border moderately convex, becoming more strongly curved at the ends.

The ligament pit is very large and narrowly reniform, but shallow and ill defined.

The transverse ridges join across the interradial angles. The lateral ends of

the dorsal ligament fossae are slightly confluent; the lateral edges of the inter-

articular ligament fossae are separated by a narrow but deep furrow, which is

bridged over distally by the lateral expansion of the muscular fossae.

The interarticular ligament fossae are in shape almost equilateral triangles, the

inner ends of which are truncated by the broad high rim about the central canal.

Their height is equal to the height of the dorsal ligament fossa.

The central canal is large and slightly oval. It is surrounded by a raised

area, which at the sides takes the form of a high narrow rim continuous with the

distal portion of the transverse ridge ; the central canal thus appears to be sunken

for about half its height below the distal edge of the transverse ridge. Distal to

the central canal this border becomes wider, and may equal in width the diameter

of the central canal. From it run the distal edges of the interarticular ligament
fossae in the shape of high narrow septa, gradually decreasing in height and finally

turning rather abruptly downward; between these lies the median intermuscular

septum, which at first decreases rather rapidly in height, then more slowly, con-

tinuing as a prominent ridge to the distal intermuscular notch.

The muscular fossae are large, but comparatively narrow. Their inner (ap-

posed) edges are about twice as long as their lower edges, which border the inter-

articular ligament fossae. They are roughly triangular in form, with the outer

edges well rounded and projecting well beyond the outer edges of the interarticular

ligament fossae. The distal inner angles are much more broadly rounded than the

lateral angles.

Distal to the transverse ridge the two lateral halves of each joint face make
an angle of 90 with each other, so that the inner part of the interarticular liga-

ment and muscular fossae is very deeply excavated.

There is no deposit of calcareous matter on the inner portions of the radials.

Height of the articular face (measured along the inclination), 3.4 mm.; width,
at transverse ridge, 2.6 mm.

PSATHTROMETRA FRAGIL1S.

Figs. 01, 92, p. 62.

The dorsal ligament fossa is large, about two and one-half times as broad as

long, well rounded proximally. The ligament pit is wider than the central canal,

but very narrow and but slightly marked.



62 BULLETIN 82, UNITED STATES NATIONAL MUSEUM.

FIGS. 89-101. EADIAL PENTAGONS OP VARIOUS COMATCLIDS. 80. THYSANOMETRA TENELLOIDES, LATERAL VIEW
OP RADIALS AND CENTBODORSAL. 90. SAME, VENTRAL VIEW OF RADIAL PENTAGON. 91. PSATHVBOMETRA
PRAQILIS, LATERAL VIEW OF RADIALS AND CENTRODORSAL. 92. SAME, VENTRAL VIEW OF RADIAL PENTA-
GON. 93. ZENOMETRA COLUMNARIS, LATERAL VIEW OF RADIALS AND CENTRODORSAL. 94. SAME. VENTRAL
VIEW OF RADIAL PENTAGON. 95. FLOROMETRA PERPLEXA, LATERAL VIEW OF HADIALS AND CENTRODORSAL.
96. SAME, VENTRAL VIEW OF RADIAL PENTAGON. 97. FLOROMETRA ASPERRIMA, LATERAL VIEW OF RADIALS
AND CENTRODORSAL. 98. SAME, VENTRAL VIEW OF RADIAL PENTAGON. 99. TRICHOMETRA CUBESSIS, LAT-
ERAL VIEW OF RADIALS AND CENTRODORSAL. 100. SAME, VENTRAL VIEW OF RADIAL PENTAGON. 101.
HATHROMETHA PROLIXA, LATERAL VIEW OF HADIALS AND CENTRODORSAL.
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In the interradial angles the articular faces are separated, proximal to the

lower fourth of the mascular fossae, by a triangular space, slightly excavated, the

sides of which make with each other an angle of about 30, the apex lying at the

distal end of the proximal fourth of the muscular fossae. The sides are straight

and regularly divergent as far as the transverse ridge; they then very gradually

begin to turn, passing over into the curved proximal borders of the dorsal liga-

ment fossae.

The interarticular ligament fossae are small, and scarcely equal in height the

dorsal ligament fossa; the outer half of their distal border is nearly or quite

parallel to the transverse ridge; the inner half curves gradually downward, so

that it joins the rim about the central canal at an angle of about 45.

The intermuscular septum is low and comparatively broad, extending distally

to the intermuscular notch. At first it decreases in height rapidly, then more

gradually.
The maximum height of the muscular fossae is equal to that of the dorsal liga-

ment and the interarticular ligament fossae combined. They are separated in-

teriorly by a broad and deep intermuscular notch, rounded proximally, which

extends downward for two-fifths, or even one-half, of the distance from the outer

border to the distal rim about the central canal. They are very broadly rounded.

The joint face elements on either side of the dorsoventral plane distal to the

transverse ridge make with each other a much broader angle than usual, the angle

approximating 120, so that the excavation of the reentrant angles of the ventral

star of the radial pentagon is comparatively slight. The outer three-fourths of the

muscular fossae lie in a plane parallel to the dorsoventral axis of the animal.

There is no deposition of calcareous matter on the inner sides of the radials.

Diameter of radial pentagon at base, 4.3 mm.
; height of articular face (meas-

ured along the inclination), 2.5 mm.; width, at transverse ridge, 2 mm.; diameter

of ventral interarticular space, 2 mm.

BATHYMETRINJE.

HATHROMETRA PROLIXA.

Fig. 101, p. 62.

The dorsal ligament fossa is more flattened proximally than in H. tenella.

The interarticular ligament fossse are only partially separated from the mus-

cular fossae distally. The septum is of the same character as that in H. tenella,

but it rapidly decreases in height and terminates halfway between the rim about

the central canal and the outer edge of the joint face. The outer edge of the area

occupied by the interarticular ligament, instead of being strongly concave as in

H. tenella, is convex.

The muscular fossae are longer and narrower than in H. tenella, being one-

third longer than the distance from the inferior border of the dorsal ligament fossa

to the distal border of the interarticular ligament fossae. The outer edge of the

muscular fossae is slightly concave, or nearly straight.
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HATHROMETRA TENELLA.

Figs. 102-105, p. 67.

The dorsal ligament fossa is narrow, from three to three and one-half times

as broad as high, with the proximal border regularly elliptical or slightly flattened.

The ligament pit is somewhat, usually considerably, broader than the central canal,

but narrow dorsoventrally.
The transverse ridge is narrow, rising somewhat inwardly to meet the narrow

but very high rim about the central canal. The central canal is large and trans-

versely oval. The rim about the central canal is broader distally than laterally.

From the middle of the distal edge arises the intermuscular septum ; this at first

is as high as the rim and comparatively broad, but it rapidly decreases in height
and width for a short distance until it becomes a low, narrow septum, when it

rather abruptly assumes a very gradual decrease in height. It extends to the

intermuscular notch. On either side of the intermuscular septum, nearly over

the lateral borders of the central canal, arise the ridges forming the distal border

of the interarticular ligament fossae. These run outward, making an angle of

about 40 with the transverse ridge, and are practically straight; like the inter-

muscular septum they are at first high and comparatively broad, but gradually
become low and narrow : as a rule their decrease in height and width is very regu-

lar, there being no abrupt change as in the case of the intermuscular septum.
The interarticular ligament fossoe are of the same height as the dorsal ligament

fossa. Their outer edges are strongly and regularly concave and their general
direction makes an angle of from 70 to 80 with the transverse ridge ;

their distal

edges make an angle of about 40 with the transverse ridge ;
their inner angles are

truncated. The interarticular ligament fossa; are separated interradially by a

narrow shallow furrow with parallel sides which is bridged over distally by the

muscular fossae, these being in close lateral contact.

The muscular fossae are rounded triangular and very large; they are about twice

as high as the interarticular ligament fossre, or as high as the distance from the

proximal edge of the dorsal ligament fossa perpendicularly to the distal apex of

the interarticular ligament fossae. Their distal angles are more rounded than their

lateral angles, but are relatively sharp. Distally the muscular fossa3 are separated

interiorly by an intermuscular notch, which is usually about as deep as the dorso-

ventral (lesser) diameter of the central canal, narrow, and sharply pointed

proximally. It may, however, be closed by the approximation of the muscular

fossae on either side, or it may make a rather wide rounded V
; occasionally it may

extend considerably downward.
The excavation of the joint face elements is deep, so that the halves on either

side of the dorsoventral plane distal to the transverse ridge make an angle of about

90 with each other.

There is no calcareous deposit on the inner surface of the radials.

Diameter of radial pentagon at base, 2.8 mm.; height of articular face (meas-
ured along the inclination), 1.9 mm.; width, at transverse ridge, 1.6 mm.; distance
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from center of rosette to middle of dorsal outer edge of radial. 1.3 mm.
;
diameter

of ventral interarticular space, 0.2 mm. to 0.4 mm.
The preceding description is based upon a comparative study of 10 specimens.

In five larger specimens the narrow septum forming the distal border of the

interarticular ligament fossee, instead of being straight and making an angle of

about 40 with the transverse ridge as in those just described, makes a broad curve,

and in the outer portion becomes parallel to the transverse ridge. The outer border

of the muscular fossae also is more convex, and the intermuscular notch is less deep
and less variable in form.

Height of articular face (measured along the inclination), 2 mm.; width, at

transverse ridge, 1.8 mm.; diameter of ventral interarticular space, 0.4 mm.

TRICHOMETRA CUBENSIS.

Figs. 90, 100, p. 62.

The radial articular faces of this species are essentially like those of Hathro-

metra tenella.

The chief differences are that the outer edge of the interarticular ligament
fossae is nearly straight instead of strongly concave; the distal edge of the inter-

articular ligament fossse, which is straight, makes a somewhat less angle with the

transverse ridge ;
and the muscular fOSSEB have both the proximal outer and distal

angles broadly and equally rounded, the outer border between them being slightly

concave; the intermuscular notch is only slightly indicated.

Diameter of radial pentagon at base, 2 mm.
; height of articular face (meas-

ured along the inclination), 1.2 mm.; width, at transverse ridge, 1.1 mm.; diameter

of ventral interarticular space, 0.3 mm.

NAXOMETRA BOWERSI.

Figs. 106, 107, p. 67.

The dorsal ligament fossa is about three times as broad as high, with the

proximal border rather strongly flattened. The ligament pit is only faintly
indicated.

The articular faces are separated inter-radially by a narrow shallow groove of

uniform width, which is about half as broad as the central canal. The transverse

ridges of adjoining joint faces are in contact with each other, but the interradial

groove is not bridged by the muscular fossse.

The interarticular ligament fossse are approximately equilateral triangles, with

their inner angles broadly truncated. Their distal border is only faintly indicated

by a very narrow, almost obsolete, ridge.

The intermuscular septum is rather broad, with parallel sides, and is never

much raised above the general level of the muscular fossae.

The muscular fossse are slightly less in height than the distance from the distal

angle of the interarticular ligament fossee to the proximal border of the dorsal
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ligament fossae; in general they are rounded triangular, their outer edge con-

tinuing in the same direction as the outer edge of the interarticular ligament fossae.

The distal angle is strongly rounded, this involving usually the outer portion of

the lateral edge. The intermuscular notch is moderately deep, and rounded

proximally; its sides may be nearly parallel, or they may make an angle of nearly

90 with each other.

There is no calcareous deposit within the ventral surface of the radial pentagon.
Diameter of radial pentagon at base, 2 mm.; height of articular face (meas-

ured along the inclination), 1.1 mm.; width, at transverse ridge, 1.2 mm.; distance

from center of rosette to middle of dorsal outer edge of radial, 0.8 mm.

THAUMATOMETRA TENUIS.

Figs. 108-111, p. 67.

The dorsal ligament fossa is narrow, about four times as broad as high, with

the proximal border regularly semielliptical, sometimes slightly flattened. The

ligament pit is very narrow transversely and faintly marked, but is broader than

the central canal.

The ends of the transverse ridges are in contact in the interradial angles, but

the dorsal ligament fossae are widely free. The interarticular ligament fossae are

separated interradially by a moderately broad V-shaped space, the sides of the V

being slightly incurved, which is closed anteriorly by the apposition of the mus-

cular fossae.

The high narrow ridge forming the distal border of the interarticular liga-

ment fossae at its inner end makes an angle of from 30 to 40 with the transverse

ridge. In young individuals, as in small specimens of Hathrometra tenella, this

direction is maintained throughout its entire length, but in large individuals

it gradually curves about so that its outer half becomes parallel to the transverse

ridge, or even slopes slightly downward. In profile the crest of the ridge forming
the anterior border of the interarticular ligament fossae is seen to be at the inner

end strongly concave, from this curved portion running straight to the outer end, so

that the ridge gradually diminishes in height. The height of the interarticular

ligament fossae is about equal to that of the dorsal ligament fossa.

The central calcareous structures of the joint face resemble those found in

Florometra asperrima, but the triangular area is slightly smaller.

The muscular fossae are large and well rounded, their height being somewhat

greater than that of the interarticular ligament and dorsal ligament fossae com-

bined. They are subtriangular, with the distal angles very broadly rounded, es-

pecially in the larger specimens. The intermuscular notch, which is moderately
broad and may be either acute or rounded proximally, extends inward for some-

what more than one-third the distance from the distal edge of the muscular fossae

to the central canal.

There are only a few slender strands of calcareous deposit within the ventral

surface of the radial pentagon, so that the rosette is in plain view from the ventral

surface.
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FIGS. 102115. RADIAL PENTAGONS OF VARIOUS COMATULIDS. 102. HATHROMBTRA TENELLA FROM GRAND
BANKS, LATERAL VIEW OF RADIALS AND CENTRODORSAL. 103. SAME SPECIMEN, VENTRAL VIEW OF RADIAL
PENTAGON. 104. HATHROMETHA TENELLA, LATERAL VIEW OF HADIALS AND CENTRODORSAL. 105. SAME
SPECIMEN, VENTRAL VIEW OF RADIAL PENTAGON*. 10G. NANOMETRA BOWEKSI, LATERAL VIEW OF RADIALS
AND CENTHODORSAL. 107. SAME, VENTRAL VIEW OF RADIAL PENTAGON. 108. THAUMATOMETRA TEXCIS, A
SMALL INDIVIDUAL, LATERAL VIEW OF RADIALS AND CENTRODORSiL. 109. SAME SPECIMEN, VENTRAL VIEW
OF RADIAL PENTAGON. 110. THAUMATOMETRA TENUIS, A LARGE INDIVIDUAL, LATERAL VIEW OF RADIALS AND
CENTRODORSAL. 111. SAME SPECIMEN, VENTRAL VIEW OF RADIAL PENTAGON. 112. COCCOMETRA HAGENII,
LATERAL VIEW OF RADIALS AND CENTRODORSAL. 113. SAME, VENTRAL VIEW OF RADIAL PENTAGON. 114.

PENTAMETROCHINUS JAPONICUS, LATERAL VIEW OF RADIALS AND CENTROPORSAL. 115. SAME, VENTRAL
VIEW OF RADIAL PENTAGON.
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Diameter of radial pentagon at base, 4.7 mm.
; height of articular face (meas-

ured along the inclination), 2.3 mm.; width, at transverse ridge, 2.8 mm.; distance

from center of rosette to middle of dorsal outer edge of radial, 2 mm.
;
diameter

of ventral interarticular space. 1.7 mm.

PENTAMETROCRINID^.

The radial articular faces are widely separated from each other.

The dorsal ligament fossae are broadly rounded proximally.
The interarticular ligament fossa; are lower than the dorsal ligament fossa,

strongly convex exteriorly, the very low and narrow septum forming the distal

margin making, at least interiorly, an angle of 45 with the transverse ridge. It

may curve downward so that it makes but a small angle with the transverse ridge

exteriorly.

The muscular fossae are about twice the height of the interarticular ligament

fossae, and are very broadly rounded. The intermuscular septum is high and

narrow.

The excavation of the joint face is very deep, and the calcareous lamina form-

ing the various joint face elements are very thin.

PENTAMETROCKINUS JAFONICUS.

Figs. 114, 115. p. 67.

The dorsal ligament fossa is very narrow, about five times as broad as long, its

proximal border from the ends of the transverse ridge forming a very regular
half ellipse. The fossa is very deep, and there is no definite ligament pit.

The radial articular faces are entirely and rather widely separated from each

other interradially by deep grooves. The ends of the transverse ridges of adjacent

joint faces are separated by a space about as broad as the dorsoventral (shorter)

diameter of the central canal.

The lateral borders of the interarticular ligament fossae make an angle of

about 45 with the transverse ridge, basally passing over into the curve of the

lateral ends of the dorsal ligament fossa around the ends of the transverse ridge.

In length they are about two-thirds of the distance from the central canal to the

ends of the transverse ridge. From the distal angle of the interarticular ligament
fossae the distal edge, which is a narrow and low, but prominent, ridge, runs

diagonally downward in a straight line, which makes a somewhat less angle with

the transverse ridge than does the outer border, to the prominent raised rim about

the central canal which it joins at a level just above that of the distal edge of the

latter.

The muscular fossa; lean inward, making a greater angle with the dorsoventral

axis than do the proximal elements of the joint face. When viewed along the line

of the dorsoventral axis they are seen to have the lower and inner borders (the

latter on the intermuscular septum) at right angles to each other and of the same

length. The outer border is a broad curve approaching a quadrant of a circle.
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but slightly flattened in the center. The two muscular fossae of each joint face

slope inward toward the median dorsoventral plane, so that they make with each

other an angle of 90. The interarticular ligament fossae make with each other a

slightly greater angle; thus the central canal, which opens on a level with the

transverse ridge, is covered over where it passes by the muscular and interarticular

ligament fossae by a thin partition forming a rounded tunnel or tube, the proximal
end of which forms the rim about the central canal.

The intermuscular septum is thin, but very high. Its proximal end adjoins
the rim about the central canal, whence it runs straight to the intermuscular notch,

thus gradually decreasing in height distally.

The ventral surface of the radial pentagon is almost or quite devoid of any
calcareous deposit, so that the rosette is more or less visible in ventral view.

Diameter of radial pentagon at base, 4.4 mm. ; height of radial articular face

(measured along the inclination), 2 mm.; width, at transverse ridge, 2.2 mm.;
distance from center of rosette to dorsal outer edge of radial, 2 mm. : diameter of

ventral interarticular space, 1.2 mm.

PENTAMETROCRINUS SEMPERI.

See figs. 1006, 1007, pi. 4.

In the following key are included all of the recent comatulids of which the

radial articular faces are known.

It is understood that this key is purely tentative, for the knowledge of these

structures is as yet far too fragmentary to enable us to say with any degree of

certainty what are and what are not the most fundamental differential characters.

It will be noticed that in certain cases quite unrelated species stand side by side,

and again closely related forms are widely separated ; the probability is that when
these structures have been more extensively studied characters will come to light

by the use of which a key to the radial articular faces can be drawn up in which

the species will fall more in accordance with their systematic position as it is

known from other data.

KEY TO RECENT COMATUL1DS BASED VfOft CHARACTERS FOUND I.V ARTICULAR FACES OF RADIALS.

a1
. The radial articular faces are approximately crescentic and widely separated from each

other interradially ; the dorsal ligament fossa is nearly semicircular ; the distal edge of

the joint face is strongly concave and parallel with the proximal border of the dorsal liga-

ment fossa ; the outer borders of the interarticular ligament fossa? are parallel ; the mus-

cular fossse form curved bands of uniform width along the concave distal edges of the

interarticular ligament fossa? CALOMETRID^B.
a*. The radial articular faces are never crescentic.

ft
1

. The radial articular faces resemble a very thick horseshoe, the borders of the inter-

articular ligament fossse, which converge distally, passing in a broad curve imper-

ceptibly into the proximal border of the dorsal ligament fossa, and the furrow between
the structures distal to the transverse ridge being very broad; they are widely separated

interradially; the dorsal ligament fossa is nearly semicircular; the distal border of the

joint face is straight and parallel with the transverse ridge; the transverse ridge is

very broad and carries on either side a supplementary ligament fossa in the form of

a long narrow triangle, the apex of which lies near the lower border of the central

canal; there are no muscular fosssp Pontfometra.
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b3
. The radial articular faces are never horseshoe shaped; there is always an abrupt change in

direction between the outer borders of the liiterarticular ligament fossae and the

proximal border of the dorsal ligament fossa.

c'. The muscular fossae are much smaller tb:m the interarticulnr ligament fossae.

d\ The muscular fossa?, which are boomerang shaped with the two arms of the boomerang
approximately of the same length, curve about the inner distal angle of the inter-

articular ligament fossa; and pass downward along their inner edges nearly or quite
to the rim about the central canal ZYGOMETRID.E.

&. The interarticular ligament fossae are roughly oblong, higher than broad, with their

inner and outer edges more or less perpendicular to the transverse ridge.

Zygometra comata.
e*. The interarticular ligament fossa? are triangular, with their inner and outer borders

making approximately the same angle with the transverse ridge.

f. The inner side of the interarticular ligament fossa? is convex and the outer side

is concave; the proximal border of the dorsal ligament fossa is evenly convex
and the dorsal ligament fossa? are mutually united by their broadly truncated
lateral angles Catoptometra hartlauU.

f. The inner and outer sides of the interarticular ligament fossa? are straight; the

proximal border of the dorsal ligament fossa is strongly flattened; the dorsal

ligament fossa? are entirely separated from their neighbors__B(itocrius ornatus.

d'. The muscular fossae are not boomerang shaped; in the rare cases in which they are

transversely elongate and extend around the inner distal angle and downward along
the inner sides of the interarticular ligament fossae the vertical arm is much shorter

than the horizontal.

e1
. The interarticular ligament fossa? are large and rectangular, with their inner and

outer sides parallel and (except just at the base) perpendicular to the transverse

ridge and their distal sides parallel to the transverse ridge; the muscular fossae

are very narrowly linear and scarcely evident Hiinerometra martensi.

<?. The interarticular ligament fossa? are not rectangular, but their distal or inner

borders, or both, are more or less convex, and their outer borders are more or less

convergent; the muscular fossa? are conspicuous, broadly linear, or of various

shapes.

f
1
. The distal border of the interarticular ligament fossa? is horizontal, convex with

the chord of the convexity horizontal, or slopes downward from the inner to the

outer distal angles COMASTERID^E.
g
1

. The muscular and interarticular ligament fossa? are nearly of the same size.

Leptonemaster venustus.

g-. The muscular fossa' are much smaller tl'ian the interarticular ligament fossa?.

ft
1

. The muscular fossae are triangular, with the inner apices of the triangles at

the sides of the intermuscular notch.

i
1

. The dorsal ligament fossa? are regularly semielliptical.

ComateHa nigra, and C. steJligera.

f. The dorsal ligament fossa? have the proximal border strongly flattened.

Gapillaster multiradintn.

h'. The muscular fossa? are more or less band-like with approximately parallel

sides.

i
1

. The muscular fossa? run rather strongly downward from their inner to their

outer edges Comatula Solaris.

i'. The muscular fossa? are horizontal or convex with the chord of the convexity
horizontal.

/'. The interarticular ligament fossae are as high as, or higher than, broad at

their narrowest part.
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fc
1

. The muscular fossa? extend inward for some distance around the inner

distal angles of the interarticular ligament fossse and down along
their inner borders.

P. The outer portions of the interarticular ligament fossa; are separated

interiorly by a space approximately equal to their own width and
the muscular fossa are very widely separated interiorly.

Comaster fruticosus.

I'. The outer portions of the interarticular ligament fossse are separated

by a space equal to less than half their own width and the inner

edges of the muscular fossae are almost in contact.

Comatula pectinata.
fc
2

. The muscular fossa? do not extend inward beyond the inner distal angles

of the interarticular ligament fossse.

Z
1
. The inner borders of the interarticular ligament fossa? are S-shaped.

so that the space between them is broadest proximally becoming
much narrower distally between their inner distal angles.

CapHlaster sentosa.

P. The inner borders of the interarticular ligament fossse are approxi-

mately parallel.

in
1

. The distal portion of the outer borders of the interartieular liga-

ment fossse is strongly concave, so that the muscular fossa? extend

outward for some distance beyond them ComatelJa maculata.

m'. The outer borders of the interarticular ligament fossae are approxi-

mately straight.

n1
. The outer borders of the muscular fossse slant upward and out-

ward, so that a more or less pointed distal outer angle results.

Comatula micraster.

n'. The outer borders of the muscular fossa? are straight and per-

pendicular to the transverse ridge, or evenly convex, the chord

of the convexity being perpendicular to the transverse ridge.

Comactinia eclrinoptera.

j'. The interarticular ligament fossse are not so high as their minimum width.

fc
1

. Interarticular ligament fossa? more than twice as broad as high.

Nemaster discoidea.

fc*. Interarticular ligament fossa? much less than twice as broad as high.

Z
1

. The outer borders of the interarticular ligament fossre are markedly
convergent, so that the articular faces of the radials beyond the

transverse ridge are separated by a comparatively wide V-shaped

gap Coinaster parvus.
V. The outer borders of the interartieular ligament fossre are more nearly

parallel, so that the articular faces beyond the transverse ridge are

separated by a vary narrow V, or by a parallel-sided furrow.

m 1

. The muscular fossa; are slightly S-shaped, the inner half convex,
the outer half concave and curving upward and outward.

yemaster rubioinosa.

tn". The muscular fo.ss.-ip are uniformly convex.

n*. The muscular fossa? are very strongly convex, the distal borders

of the interarticular ligament fossa? being very strongly bowed
outward Comatula rotaluria.

n!
. The muscular fossa? are only slightly convex, the distal borders of

the intornrticular ligament fossa? being almost straight.

Neocomatella pulcliella.

142140 21 Bull. S2 7
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f. The distal borders of the interarticular ligament foss:e slope downward and In-

ward from the outer to the inner distal angles, or from the former to the rim

about the central canal.

g
l

. The interarticular ligament fossa/ are triangular, their inner sides forming a

straight line from the outer distal angle to the rim about the central canal.

ft
1

. The muscular foss;i> are very narrowly linear, forming narrow bauds of uni-

form width along the distal borders of the interarticular ligament fossae.

Ptilometra mulleri.

h'. The muscular fossa; are larger, triangular or trapezoidal.

i
1

. The outer borders of the interarticular ligament t'ossse are very strongly con-

vergent, so that the distance across (he distal border of the articular face

is much less than half the length of the transverse ridge; the muscular

foss;e are relatively high, their maximum (inner) height being twice their

width Cololioinetrii ilixi'iilor.

i'. The outer sides of the iuterarticular ligament fossae are much less converg-

ent, so that the distance across the distal border of the articular face is

equal to three-quarters of the length of the transverse ridge; the muscular

fossie are very low, their maximum (inner) height being much less than

their width OUgometra serripinna.

g'. The iuterarticular ligament fossa? are four sided, or have the distal border very

broadly rounded ; they are never triangular.

/i
1

. The muscular fnss.r are broadly rounded distnlly and outwardly, tapering to a

point inwardly and proximally ; their border is everywhere evenly curved,

its continuity not being interrupted by the interarticular ligament fossa;.

f. The intermuscular notch has parallel sides Amphimetra papuensis.

f. The intermuscular notch is at least twice as broad proximally as distally.

Heterumetm phililterti.

It
2

. The muscular fosste are narrow and more or less band-like; the distal edge

of the interarticular ligament foss;? always cuts away more or less of their

proximal border.

i
1

. The intermuscular furrow is suddenly broadened out proximally just over

the central canal, being constricted between the outer portions of the

dorsal ligament fossa-.

j
l

. The interarticular ligament fossa? are unusually narrow, being more than

twice as high as the minimum width Hcteroinetra rei/nau/lii.

f. The interarticular ligament tossre are much broader, being not more than

half again as high as the minimum width Craspedometra acuticirra.

f. The sides of the intermuscular furrow are parallel, or diverge regularly

from the base.

f. The sides of the intermuscular furrow diverge rapidly from the base

outward Lamprometra protectus.

f. The sides of the intermuscular furrow are parallel.

k
l
. The intermuscular furrow is broad, with a median carinate ridge.

Maria metra subcarinata.

A-'. The intermuscular furrow is narrow, with no median carination.

f. The distal borders of the interarticular ligament fossw are more or

less regularly convex ; the muscular fossa; extend inward and down-

ward so that their proximal apex is half way between the maximum
height of the iuterarticular ligament fossae and the base of the

intermuscular furrow Amphimetra ensifer.

?
=

. The distal borders of the interarticular ligament fossiv are flattened;

the inner ends of the muscular fossa; do not pass beyond the inner

distal angles of the interarticular ligament fossae.
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c*. The muscular fossa? are at least as large as, and usually much larger than, the inter-

articular ligament fosses.

d1
. The total height of the articular fossae is much less than the length of the transverse

ridge.

c-
1
. The distal borders of the iuterarticnlar ligament fossa; run in a broad curve from

the distal border of the central canal outward and upward to the distal outer

angles of the joint face; as the distal border of the joint face is only slightly con-

cave the muscular fossa1 are highest interiorly and taper to a point resting on the

outer distal angles of the interarticular ligament fossae.

ComatiJia iridoiiietriformis.

e?. At least the distal half of the outer borders of the joint face is formed by the edges

of the muscular fossa1
.

f. The distal borders of the interarticular ligament fossae are more or less decurved

in their outer halves or two-thirds, so that the muscular fossse are higher out-

wardly than inwardly; there are no supplementary muscle plates or bosses in

the inner proximal angles of the muscular fossse.
1
. The muscular fossa? are about twice as large as the interarticular ligament

fossie: the distal borders of the interarticular ligament fossa? are very

strongly convex; the proximal halves of the muscular fossa? are separated

interiorly by the distal portion of a broad elevated triangular structure of

which the strongly convex base reaches nearly to the central canal, and the

distal halves by a narrow space with parallel sides Thi/sanometra tencUoides.

g*. The muscular fossa; are about the same size as the interarticular ligament

fossa?; the distal borders of the interarticular ligament fossa} are only slightly

convex : the joint face elements are separated in the median line by a promi-

rnent furrow which is more or less constricted between the muscular fossa?.

Leptoncmastcr venustun.

f. The distal borders of the interarticular ligament fossae are straight and are usually

directed more or less upward and outward so that the interarticular ligament

fossa? are triangular and the inner proximal angle of the muscular fossa? is

nearer the transverse ridge than the outer; a prominent supplementary muscle

plate or rounded boss occupies the inner proximal angle of the muscular fossa3 .

(f. The distal borders of the muscular fossae are flattened and nearly parallel to

the transverse ridge, or convex with the chord of the convexity parallel to the

transverse ridge; a broadly rounded outer distal angle is always evident; the

centrodorsal is well rounded in lateral view Antedon.

/i
1

. The sides of the intermuscular furrow are parallel, or diverge slightly dis-

tally.

t'. The outer distal angles of the muscular fossa? are very broadly rounded.

Antedon pctasux.

f. The outer distal angles of the muscular fossa? are less broadly rounded.

Antedon biftdu.

ft*. The sides of the intermuscular furrow converge distally.

t
1

. Distal border of muscular fossa? strongly convex
;

distal border of inter

articular ligament fosso? nearly parallel to the transverse ridge.

Ante-don adriatica.

f. Distal border of muscular fossa? flattened; distal border of interarticular

ligament fossa? running upward and outward, making a considerable angle

with the transverse ridge Antedon mediterranea.

g
1

. The distal borders of the muscular fossae are very broadly rounded without any
indication of a distal outer angle, or slope downward and inward to the end of

the intermuscular furrow ; the centrodorsal is a short cylinder Tropiometra.
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ft.
1

. The proximal borders of the muscular fossa; are parallel to the transverse

ridge.

f. The height of the interarticular ligament fossa3 is much less than half the

distance from the middle to the ends of the transverse ridge.

Tropiometra cncrinus.

i'. The height of the interarticular ligament fossa; is much more than half the

distance from the middle to the ends of the transverse ridge.

Tropiometra ca-rlniitn-.

ft*. The proximal herders of the muscular fossre run upward and outward, making
a considerable angle with the transverse ridge.

i
1

. The distal borders of the muscular fossae run parallel to the distal borders of

the interarticular ligament foss:e inward and downward from the distal

outer angles; large supplementary muscle plates, in addition to bosses,

are present Tropiometra macrodiscus.

f. The distal borders of the muscular foss;p are very broadly rounded and show
no relation to the distill borders of the interarticular ligament fossae; there

are no supplementary muscle plates Tropiometra, picta.

if. The total height of the articular foss;o is nearly or quite as great as, or much greater

than, the length of the transverse ridge.

c?. The outer borders of the muscular fossae are straight or slightly concave and are at

right angles to the transverse ridge and parallel to each other; the sides of the

internrticular ligament fossae are strongly convergent.

f. The muscular fossae are short, the distance from the outer angles of the inter-

articular ligament fossnc to the line parallel with the transverse ridge touching

the most distal portion of the muscular fossa? being no greater than the width.

J7
1

. The Intel-muscular furrow is very broad with parallel sides: in the middle it

bears a conspicuous and high keel Stylomctra spinifera.

f. An intermuscular ridge instead of an intermuscular furrow is present.

ft
1

. At the inner proximal angles of the muscular fossa- are prominent bosses and

also large supplement:) ry muscle plates; the outer distal angles of the mus-

cular fossre are well rounded and the outer borders of the interarticulnr

ligament fossae are concave and make a relatively large angle with the

transverse ridge Perometra diomedcw.

h'. No bosses or supplementary muscle plates are present; the outer distal angles

of the muscular fossa; are relatively sharp; the outer borders of the inter-

articular ligament fossae are straight and make a relatively small angle

with the transverse ridge ixtcrnnnira macropoda.

f. The muscular fossae are longer, the height being greater than the width.

j;

1
. The muscular fossa1 are very high, the maximum height being more than three

times the width Parametra orion.

tf. The muscular fossae are lower, the maximum height being never but slightly

greater than twice the width.

ft
1
. The distal border of the muscular fossae rises from the distal outer corners up-

ward and inward to a rounded inner distal angle near the intermuscular

notch.

V. The muscular fossae are narrow, about twice as high as wide, and are sep-

arated by a very broad rounded intermuscular ridge; the internrticular

ligament fossae are separated by a space equal to twice their width.

Floromttra perplexa.

i
3

. The muscular fossa' are Iiroad, much less than twice as high as wide, and are

separated by a very narrow intermuscular ridge; the iuterarticular

ligament fossae are separated by a space approximately equal to their

own width Florometra asperrima.
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h'. The distal border of the musenhir fossa? is couvex with the chord of the con-

vexity parallel to the transverse ridge, or rises from the inner to the outer

distal angles.

i
l
. The outer borders of the muscular foss;e are straight; the centrodorsal bears

a single row of cirrus sockets.

p. The muscular fossa? are separated interiorly by a narrow intermuscular

ridge Cyllometra albopurpurea.

f. The muscular fossre are separated interiorly by a broad intermuscular

groove CyJlometra disciforiiiis.

i*. The outer borders of the muscular fossre are more or less concave; the centro-

dorsal bears regular columns of cirrus sockets, at least two to a column.

y
1

. The muscular fossa? have the inner distal angle very broadly, and the

outer distal angle very narrowly, rounded, and the outer borders rather

strongly concave: the centrodorsal bears the cirrus sockets in 15

crowded columns Thalassometni -rilloisa.

j
2

. The muscular fossre have the distal border evenly convex.

fc
1

. The interior length of the muscular fossa? is three times their width ;

the cirrus sockets are in 10 well spaced columns.

Stiremetra Itreviratlia.

k*. The interior length of the muscular fossa? is much less than three times

their width; the cirrus sockets are in 10 columns which are separated

by high ridges Stenometra quinquecostata.
e?. The outer borders of the muscular fossa; are convex, more rarely nearly straight, and

converge more or less, usually markedly, distally.

f. The inner sides of the interarticulnr ligament fossre are straight and run upward
and outward at a relatively large angle with the transverse ridge so that the

acute distal angle of the interarticular ligament fossa? reaches a level at or be-

yond the halfway point between the inner proximal and distal angles of the nar-

row and usually more or less sharply triangular muscular fossre.

CHAKITOMETRIDJE.
jT

1
. The outer borders of the interarticular ligament fossre are very strongly con-

cave, so that the iuterarticular ligament fossie are separated by broadly len-

ticular gaps interradially Crinomctru con ci nun.

g'. The outer borders of the interarticular ligament fossre are nearly or quite

straight, so that the interarticular ligament fossa? are separated by narrow

furrows interradially.

hl
. Muscular fossae very narrow, about three times as long interiorly as broad.

Pifcilometra acaela.

h'. Muscular fossre wider, about twice as long interiorly as broad.

i
1

. Outer border of muscular fossre longer than outer border of interarticular

ligament fossre PachyJometra incequalix.

i'. Outer border of interarticular ligament fossre longer than outer border of

muscular foss;p.

f. Lines of growth conspicuous Charitometra basicurva.

j'. Lines of growth inconspicuous or obsolete Perissometra angusticalyx.

f. The distal outer angles of the interarticular ligament fossre are never so high above

the transverse ridge as the halfway point between the proximal ends and the

distal borders of the muscular fossre.

g*. The height of the articular faces is approximately equal to the length of the

transverse ridges.

h1
. The muscular and interarticular ligament fossre are about of the same size.

j
1

. The outer border of the interarticular ligament and muscular fossse com-

bined is evenly convex ; the ridge forming the distal border of the inter-
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articular ligament fossa? does not reach the outer edge of the joint face;
the inner halves of the free borders of the muscular fossa? slope inward
and downward at an angle of about 90 with each other, forming a broad

right-angled notch ErytJiromrtra ruber.

f. The outer borders of the iuterarticular ligament and muscular fossa? form a
discontinuous line which is almost straight but slightly indented at the

junction of the fossa?; the ridge forming the distal border of the inter-

articular ligament fossa? reaches the outer edge of the joint face; the

distal borders of the muscular fossa? are nearly straight and parallel with
the transverse ridge Gompnoinetru lop&ni.

h*. The muscular fossa? are much larger than the iuterarticular ligament fossa?.

P. The outer borders of the interarticular ligament and muscular fossa? form
continuous straight lines and are nearly parallel ; the distal borders of the

muscular fossa? are flattened and parallel to the transverse ridge; the

intermuscnlar notch is small and shallow, well rounded proximally.

ffypalometra defecta.
i'. The outer borders of the interarticular ligament and muscular fossa? are

discontinuous, both being strongly convex, or those of the muscular foss;v

strongly convex and those of the interarticular ligament fossie straight;

the distal borders of the muscular fossa? are strongly rounded; the inter-

muscular notch is deep and sharply pointed proximally.

;'. The Intermuscular septum is relatively broad and is expanded proxi-

mally just over the central canal ; the outer borders of the interarticular

ligament fossa? are straight; the muscular fossa? are rounded triangular,

their outer borders being more or less flattened and converging to the

well-rounded distal angles Thaumatometra tennis.

f. The intermnscular septum is high and very narrow, and it is not expanded
basally ; the outer borders of the interarticular ligament fossae are

strongly convex ; the muscular fossse are much more broadly rounded,

especially distally Pentametrocrinus.

A-.

1

. The muscular fossse are very broad, the maximum width being more
than three quarters of the maximum (inner) height; the outer bor-

ders of the interarticular ligament fossa? form a continuous curve

with the border of the dorsal ligament fossse.

Pcntnmetroci'inus japon /CMS.

k'. The muscular fossa? are narrower, the maximum height being not much
more than twice the maximum width; the maximum height of the

convexity of the lateral borders of the interarticular ligament fossse

extends to beyond the ends of the transverse ridge, which lie in a

rounded concavity between the borders of the interarticular and

dorsal ligament fossa? Pentametrocrinus scmperi.

g
1

. The height of the articular faces is much greater than the length of the trans-

verse ridge.

ft
1

. The muscular fossse are high and narrow, more than twice as long interiorly

as their maximum width.

i
1

. The plane of the muscular fosste is almost parallel to the dorsoventral axis

of the animal, while the plane of the interarticular ligament fossa? makes
a considerable angle with it, the latter therefore leaning inward at a

greater angle than the former; the outer distal angle of the iuterarticular

ligament fossa? reaches a height equal to about one-third of the distance

from the inner proximal to the inner distal angles of the muscular fossa- :

the centrodorsal is long, columnar, with the cirrus sockets in 5 pairs of

regular columns which are separated by high ridges.

Zenometra cnlumnaris.
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i". The muscular and interarticular ligament fossa? lie in the same plane ; the

outer distal angles of the interarticular ligament fossae are at a height
much less than one third of the distance between the inner proximal and
distal angles of the muscular fossa?: the eentrodorsal is rounded, and the

cirrus sockets are irregularly placed ; the radial areas are not differ-

entiated.

f. The distance from the proximal border of the transverse ridge to the

proximal border of the dorsal ligament fossa is about equal to one-

third of the distance from the former to the distal border of the mus-

cular fossa? Coccomctra hagenii.

j'. The distance from the proximal border of the transverse ridge to the

proximal border of the dorsal ligament fossa is much less than one-third

the distance from the former to the distal border of the muscular fossae.

Leptometra.
h'. The muscular fossae are lower and broader, usually much less than twice as

high as the maximum width.

f
1

. The distal borders of the interarticular ligament fossa? are straight and

parallel to the transverse ridge Solanometra antarctica.

f. The distal borders of the interarticular ligament fossa? are directed more or

less upward and outward.

f. The ridge forming the distal border of the interarticular ligament fossse

does not reach the outer border of the joint face, which makes an un-

interrupted curve.

A;
1

. The distal borders of the iuterarticular ligament fossa? make an angle

of about 00 with the transverse ridge ; the tips of the muscular fossa?

are abruptly swollen Nanometra, T>owersi.

k'. The distal borders of the interarticular ligament fossa? make an angle of

about 30 with the transverse ridge; the tips of the muscular fossa?

are not abruptly swollen Hatlirometra, prolixa.

f. The ridge forming the distal border of the interarticular ligament fossa?

reaches the outer border of the joint face where it causes an interrup-

tion of the continuity.

fc
1

. The outer portion of the muscular fossa? is constricted.

Trichometra cubensis.

k'. The outer border of the muscular fossa? is regularly convex.

I
1

. Ten radials Proinachocrimts kerguelensif.

1
s

. Five radials.

w 1
. The muscular fossa? are very broad and broadly rounded, rounded

trapezoidal in shape; their planes make a relatively small angle

with the dorsoventral axis so that the central space between the

radials is very large, the diameter of the circle delimited by the

ends of the muscular fossa? being nearly one-half the diameter of

the radial pentagon Psatliyrometra fragilis.

i

2
. The muscular fossa1 are narrower and less broadly rounded,

rounded triangular in shape ; their planes make a larger angle with

the dorsoventral axis so that the diameter of the circle delimited

by the ends of the muscular fossa? is never more than one-third

the diameter of the radial pentagon and is usually much less.

n1
. The diameter of the circle delimited by the distal ends of the

muscular fossa? is about one-third that of the radial pentagon.

ffcliomrtrn glacialis.

n s
. The diameter of the circle delimited by the distal ends of the

muscular fossa? is about one-fifth that of the radial pentagon.

Hatlirometra tenella.
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POST-BADIAL ELEMENTS.

General features.

Following the radials there is in all recent crinoids a regularly linear series of

ossicles which usually forks, giving rise to two similar series, on the second (figs.

183-185, pp. 98-102) ;
each of these secondary series may again fork, giving rise to

four similar series (figs. 181, 186, pp. 04, 104), and the process may be repeated, in

extreme cases, as many as eight or nine times (figs. 180, 188, 194, pp. 92, 108, 120).

The number of the arms has always been used as a basic character for the

differentiation of the comatulid species since the days of Linck and Seba. P. H.

Carpenter in his monograph divided his "
series

" of "Antedon " and "Actinometra "

into various groups according to the number of arms and the number of ossicles

found in the division series. He believed that there was a definite line of demarka-

tion between species with 10 arms and those with more than 10, and between species

with the IIBr series of two elements and those with the IIBr series of four. He
was forced to admit, however, the existence of several species which fell into two,

or even three, of his groups through being both 10-armed and multibrachiate, and

through having the IIBr series sometimes of two and sometimes of four ossicles.

In regard to the number of the component ossicles of the IIBr series he admitted

a certain amount of variability, but placed the species in one group or in another

on the basis of a majority of their series. This procedure resulted in the inclusion

of Comanthus parvicirra (under different names) both in the " Valida group" and

in the " Parvicirra group
" of "Actiiiometra.'"

The availability of the number of arms and of the number of the ossicles in the

division series for systematic purposes varies very greatly in the different groups.

Speaking broadly, the number of arms may be said to be a systematic index of

prime importance, but at the same time one which must be used with considerable

caution.

In the Comasteridae (figs. 180-188, pp. 92-108) the number of arms is, as a

rule, perfectly true to species within relatively narrow limits and, taken in connec-

tion in multibrachiate genera with the second, or third, division series, furnishes the

most obvious differential criterion, and one that may be used with perfect confi-

dence
;
for no comasterid is known which is both 10-armed and multibrachiate,

and no comasterid has ever been found which is variable in both the second and

third division series, though many are more or less variable in one or the other.

Even more fixed are the number of arms and the types of division series in

the species of Himerometridse (figs. 123, 141, 192, 193, pp. 79, 83, 115, 117), Ste-

phanometridse (figs. 125. 130. p. 79), Mariametridae (figs. 194-198, pp. 120-127), and

Colobometridse, and in most of those of the Zygometri<l;v (figs. 127, 136, 143, 189-

191, pp. 79. 82, 109-112). furnishing, so far as they go, the best systematic characters

to be found; but their availability here is restricted by the relatively slight vari-

ability within each family.

Practically the same is true in the Calometridaa (figs. 200-202, pp. 130-134), but

in one of the genera of this family (Calometrti) species occur which are both 10-

armed and multibrachiate.



FIG.S. 110-138. PROXIMAL PORTION op POST-RADIAL SERIES op VARiors COMATULIDS. 116. IBn SERIES AND
PROXIMAL BHACHIALS OP TROPIOMETRA AFRA. 117. IlADIALS, IBR SERIES AND FIRST TWO BRACHIALS OF

PSATHYHOMETRA ERYTHRIZON. 118. IBE SERIES AND LOWER BRACHIALS OF PCECILOMETRA SCALARIS. 119.

RADIALS, IBR SERIES AND LOWER BRACHIALS OF PEROMETRA DIOMEDE.E. 120. DIVISION SERIKS OF COMAN-
THUS TRICHOPTERA. 121. RADIAL AND DIVISION SERIES OF COMATULA ROTALARIA. 122. RADIAL, DIVISION

SERIES AND LOWER BRACHIALS OF CENOMETRA UNICORNIS. 123. IBR AXILLARY, DIVISION SERIES AND LOWER
BRACHIALS OF HlMEROMETKA MARTENSI. 124. RADIAL, DIVISION SERIES AND LOWER BRACHIALS OF STl'LO

METRA SPINIFEHA. 125. DIVISION SERIES AND LOWER BRACHIALS OF STEPHANOMBTRA ECHINUS. 126.

CENTRODORSAL AND ARM BASE OF I'ENTAMETROCRINUS TUBERCCLATUS. 127. CENTRODOKSAL AND PROXIMAL
PORTION OF AS ARM OF ECDIOCRINITS VARIEGATUS. 128. CENTRODORSAL AND PROXIMAL PORTION OF AN ARM
PAIR OF THADMATOMETRA TENUIS. 129. RADIAL, DIVISION SERIES AND AKM BASES OF MARIAMETRA MAR-
GARITIFERA. 130. llADUL, DIVISION SERIES AND ARM BASES OF STEPHANOMETRA MONACANTHA. 131.

PROXIMAL PORTION OF CENIRODOKSAL, IBR SKRIES AND PROXIMAL PORTION OF AN ARM PAIR OF FLORO-
METRA PERPLEXA SHOWING, ON THE LEFT ARM BRANCH, AN ADDITIONAL FIRST BHACHIAL PAIR OF WHICH THE
DISTAL ELEMENT IS NOT AXILLARY. 132. IBR SERIES AND FIRST TWO BRACHIALS OF! PO3CILOMETRA

SCALARIS, SHOWING AN ADDITIONAL ELEMENT INSERTED BETWEEN THE IBRj AND IBR2 . 133. IBR AXILLARY,
DIVISION SERIES AND PROXIMAL BRACHIALS OF A SPECIMEN OF COMANTHUS PARVICIRRA. 134. IBR AXILLARY,
DIVISION SERIES AND PROXIMAL BRACHIALS OF ENDOXOCRIN0S PARR.ID. 135. RADIAL, DIVISION SERIES
AND PROXIMAL BRACHIALS OF COMASTER PARVUS. 136. RADIAL, DIVISION SERIES AND PROXIMAL BRACHIALS
OF ZYGOMETRA MICRODISCCS. 137. RADIAL, DIVISION SERIES AND PKOXIMAL I'.UACHIALS OK COMANTHEHIA
POLYCNEMIS. 138. DIVISION SERIES AND PROXIMAL BHACHIALS OF COMANTHINA SCHLEGELII.
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It is in the families Thalassometridse and Charitometridse that we find the

greatest variability in the number of arms between the component genera, and

apparently also in the different species.

In the family Thalassometridae (figs. 124, 145, 165, 203-225, pp. 79, 83, 86, 139-

179) the species of the genera Aglaomttra (fig. 225, p. 179) and Stiremetra have 10

arms only, those of the genera Asterometra (fig. 209, p. 149), Tfiala.ssometra (figs.

223, 224, pp. 175-177), Daidalometra (fig. 212, p. 153), and Pammetra (figs. 217,

218, pp. 163-164), 10 or more, and those of the genera Ptilometra (fig. 204, p. 139,

and pi. 53, fig. 1346), Pterometra (fig. 203, p. 137), Horceometra, Oceanometra (figs.

145, 220-222, pp. 83, 168-173), Stylometra (fig. 219, p. 166, and pi. 53, fig. 1345),

Lissometra (fig. 216, p. 161), Crotalometra (fig. 210, p. 150), and Cosmiometra (figs.

213-215, pp. 155-159), always more than 10, ranging from fewer than 15 in Lisso-

metra to between 20 and 30 in Oceanometra and Stylometra. The division series,

however, are always all of two ossicles except in the species of Thalassometra and of

the closely related Oceanometra, where the IIBr series are usually, though not

always, of four. As the species of T'

halassometra may have 10 or more arms it

happens that single species are found to be represented by individuals which fall

into three of Carpenter's groups, the " Basicurva group," the "
Spinifera group,"

and the "
Granulifera group."

In the Charitometridse (figs. 122, 198, 199, pp. 79, 127, 129) the species of the

genera Strotometra (figs. 230-232, pp. 188-192), Pwcttometra (fig. 229, p. 186),

Charitometra, Chondrometra (part 1, fig. 99, p. 160), and Calyptometra (fig. 676,

p. 338, and pi. 54. fig. 1347) have 10 arms only, those of the genera Perissometra (fig.

227, p. 182, fig. 658, p. 329, and fig. 670, p. 335) and Chlorometra (fig. 228, p. 184) 10

or more, and those of the genera Crinometra (figs. 678-683, p. 338), Crossometra

(figs. 226, p. 180, and 673, 675, p. 335), Monachometra, and Pacfiylometra (figs. 671,

672, p. 335) always more than 10, in the case of Crossometra from 26 to 33; in this

family the IIBr series, when present, are rarely 2, being almost invariably 4(3+4),
at least in the majority of cases.

With only two exceptions, outside of occasional sporadic instances, the post-

radial series of the species belonging to the Macrophreata divide once or, more

rarely, not at all, so that the great majority of the forms in this group have 10

arms, two arising from each radial; a few 5 arms, one being borne by each

radial
;
a few 10 arms, one on each of 10 radials

;
and one 20 arms, two arising

from each of 10 radials.

Perometra afra, of the subfamily Perometrinse, has from 11 to 14 arms with

all the division series 2, and the only known specimen of Adelometra angustiradia,

belonging in the subfamily Zenometrinse, has 13 arms with the three IIBr series

present 4, 4(3+4) and 2.

In Antedon bifida several specimens with more than 10 arms have been re-

ported, most of these having 11, and one of them 12. The IIBr series are usually

2, but occasionally 4(3+4).
In one macrophreate family, the Pentametrocrinidse (figs. 126, p. 79, and 1016.

pi. 6), division series are not developed at all, so that the arms are undivided,
5 or 10 in number according to the number of the radials. These undivided arms
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have nothing in common with the undivided arms in the zygometrid genus

Eudiocrinus, in which IBr series are present as usual, although the second seg-

ment is not axillary.

In the Macrophreata there are two instances of a curious and interesting

condition which occur in two widely different groups. Promachocrinus, belong-

ing to the Heliometrinse, and Thaumatocrinus (part 1, figs. 113, 114, p. 181),

belonging to the Pentametrocrinidse, have each 10 radials and consequently 10

post-radial series, resulting in 20 arms in the former and 10 in the latter.

It would seem that this 10-rayed condition is unstable, for several specimens
of a species of Thaumatocrinus which I have examined have one or more of the

interradial arms absent, a large interradial occupying the position of the normal

interradial radial, and of the specimens of Promachocrinus kerguelensis brought
home by the Gauss no less than 56 per cent had less than 10 rays, most of them

having 6 only and one having 5 ; but no mature specimens of this species have

ever been found with less than 10 rays, and the normal pentacrinoids appear to

acquire all five additional rays practically simultaneously.
The pentacrinoids of Promachocrinus kerc/uelensis (figs. 881-937, pp. 533-549)

resemble those of related species until a considerable size is reached, when five

interradials alternating with the five primary radials make their appearance.
These rapidly increase in size and give rise to postradial series in exactly the same

way as the original radials
;
but it is not until almost the full size has been reached

that both radial and interradial radials and arms become of the same size and

indistinguishable.

Apparently the increase in the number of radials and arms in Thaumato-

crinus takes place exactly as in Promachocrinus; and the process described and

figured by P. H. Carpenter on the posterior interradial of the young of Thaumato-

crinus renovatus is undoubtedly merely the rudiment of the posterior interradial

arm.

The so-called interradial radials arising between the primary radials are

therefore situated exactly over the basals and are truly interradial in position.

The interradial radials are apparently connected with the radials to their

right as viewed from the center of the disk; their skeleton is entirely independent
of that of the radial radials on either side, but the ambulacral grooves and asso-

ciated ventral structures are derived as offshoots from those running to the radial

radials to the right. In the case of 6-rayed individuals, therefore, the additional

ray is inserted behind the left posterior normal ray, just as in the case of the

6-rayed specimens of Tropiometra pictn to be later described (p. 82).

Although in Promachocrinus and in Thaumatocrinus there are 10 radials

and postradial series, the basals and infrabasals and the rays of the basal star

remain 5 in number.

I once dredged a specimen of Heliometrn maxima with 12 arms (fig. 164, p. 86,

and pi. 54, fig. 1348), two postradial series arising from a partially divided radial,

and P. H. Carpenter has recorded a specimen of Neocomatella pulchella in which

there were six postradial series, two of them originating on an enlarged and axillary
radial. These may represent a step toward the conditions found in Proma-
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chocrinus and Thauiiiatocrinus, though it is more probable that they are merely
cases of the radial assuming the characteristics of its subsequent reduplications,

the axillaries.

It occasionally, though rarely, happens that individuals occur with six radials

and six postradial series. Such cases are usually sporadic, and instances have been

recorded in a number of widely separated groups.

Among 340 specimens of Tropiometra picta from Rio de Janeiro which I

examined at the Museum of Comparative Zoology at Cambridge, Massachusetts, no

less than 17, or 6 per cent, were 6-rayed, though among the hundreds of specimens
of other species of this genus which I have studied I never found one with more

than five rays.

These 6-rayed specimens are all but one of comparatively small size, the

diameter across the outstretched arms being between 100 mm. and 120 mm., the

exception having an expanse of 190 mm. and being the only one sexually mature;
normal specimens of this species average between 230 mm. and 270 mm. in expanse.

An examination of the disks of 12 of the specimens (tigs. 729-733, p. 346)

shows that in three cases it is quite impossible to determine which is the extra

ray, as there are six ambulacral groove trunks converging toward the mouth all

exactly alike; one specimen has the interpolated ray between the two on the left

side, one has it behind the right posterior, while seven have the extra ray inserted

behind the left posterior.

In the Challenger report P. H. Carpenter mentions a small dry 6-rayed
" Antedon " in the collection of the British Museum. Suspecting that it was prob-

ably an example of this species, and also that it came from Brazil, I wrote to Prof.

F. J. Bell for information concerning it. He very kindly replied that it was, as

I had surmised, a Tropiometra, but that there was no record of the locality whence

it had come.

These 6-rayed specimens of Tropiometra picta are 6-rayed throughout, possess-

ing a 6-rayed rosette and basal star (part 1, fig. 480, p. 363), in contrast to the

conditions found in Promachocrinus and in Tluiumafocrinus, where the rosette

and the basal star are both 5-rayed.

Tropiometra picta is an extraordinarily variable form, its peculiarities being
such as to suggest that the very large proportion of 6-rayed individuals is not

an inherent character of the species but is merely on a par with the relative number

of individuals aberrant in other equally noteworthy ways.

Among the recent stalked crinoids the two species of the genus Rhizocrinus,

RJi. lofotensis and Rh. vernlli, are very variable in the number of their rays.

Among 75 specimens of Rh. lofotensis, Sars found found 43 with 5 rays, 15 with

4 rays, 15 with 6 rays, and 2 with 7 rays. In the related genus Monachocrinus

(fig. 179, p. 91, and part 1, fig. 122, p. 203) one species M. scxradiati/,s (fig. 179,

p. 91), is only known with six rays, but of the species in the other living genera
of Bourguetir'rinidpe, liatliiicriinix. Ilj/crin-uK, Bythocrinus (part 1, fig. 131, p. 203),

and Democrinus (part 1, fig. 133, p. 203), all appear to be 5-rayed without any

deviation, specific or individual. In Monachocrinus sexradiatus the basals are five

in number. In the two species of Rhizocrinus it has never been determined
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FIGS. 139-162. PROXIMAL PORTION or POST-RADIAL SERIES OF VARIOUS COMATULIDS. 139. RADIAL,

DIVISION SERIES AND ARM BASES OF PONTIOMETHA ANDEUSONI. 140. SAME, WITH HOMOLOGIES OP
OSSICLES INDICATED. 141. DIVISION SERIES AND PROXIMAL IlllACHIALS OF CRASI'EDOMETRA ACUTI-

CIKRA. 142. SAME, WITH HOMOLOGIES OP OSSICLES INDICATED. 143. DIVISION SERIES AND ARM
EASES OF ZYGOMETRA COMATA. 144. SAME, WITH HOMOLOGIES OP OSSICLES INDICATED. 145. RADIAL,

DIVISION SERIES AND PROXIMAL I'.KA'.'HI.H S "F OrKA.NOMETIlA O1GANTEA. 14G. SAME, WITH HOMOLOGIES
OF OSSICLES INDICATED. 147. PLATES OF BASE AND OF POST-RADIAL SERIES OF UlNTACRINUS SOCIALIS,
WITH HOMOLOGIES INDICATED (ADAPTED FIli'M Sl'P.l NI1EK I . I-tX. DIVISION SERIES AND ARM BASES

OP COMASTER NOV-EGUINE^E. 140. SAME, WITH HOMOLOCilES OF OSSICLES INDICATED. 150. DIVISION

SJORIES AND ARM BASES OF ANOTHEK SPECIMEN OF COMASTER NOV.-EGUINEJE. 151. SAME. WITH
HOMOLOGIES OF OSSICLES INDICATED. 152. DIVISION SERIES AND ARM BASES OF COMATELLA MACULATA.

153. SAME, WITH HOMOLOGIES OF OSSICLES INDICATED. 154. DIVISION SERIES AND ARM BASES OF
COMATELLA STELLIGERA. 155. SAME, WITH HOMOLOGIES OF THE OSSICLES INDICATED. 156. DIVISION

SERIES AND ARM BASES OF COMATELLA NIGHA. 157. SAME. WITH HOMOLOGIES OF OSSICLES INDICATED.

158. DIVISION SERIES AND ARM BASES OF CAPILLASTER SENTOSA. 159. SAME, WITH HOMOLOGIES OF
OSSICLES INDICATED. 160. DIVISION SERIES AMI ARM BASES OF ISOCRINUS DECORCS, WITH HOMOLOGIES
OF OSSICLES INDICATED. 161. DIVISION SERIES AND ARM 'BASES OF MliTACUINUS ACUTUS. 162. SAME,
WITH HOMOLOGIES OF OSSU'LKS INP1CATED.
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whether there are always five basals, or whether the basals agree in number with

the ra dials.

Among the remaining recent stalked crinoids specimens with more than five

rays are practically unknown, though I have at hand an example of Metacrinus

rotundus with eight rays and six basals.

A number of 4-rayed specimens have been reported in widely separated coma-

tulid groups. There is no suggestion that their occurrence is anything but for-

tuitous. In all cases where the missing ray has been identified it is the anterior.

Only in the littoral fauna of the warm seas do highly multibrachiate species

with more than 40 arms occur, and the great majority of all the species with

more than 10 arms are found only in tropical and subtropical regions within

100 fathoms of the surface. A number of the genera characteristic of intermediate

depths in water of moderate temperatures belonging to the families Calometridse,

Thalassometridas, and Charitometridse include species with between 15 and 30 arms
;

but in the deep-sea and in cold water species with more than 10 arms are very rare,

and specimens with from 11 to 13 arms are usually variants of normally 10-armed

types.

Since the periphery of the disk always reaches the level of the second

brachials of the free undivided arms, it is evident that, as the elements of the

division series are always of approximately the same relative size, the number
of arms is more or less strictly proportionate to the volume of the visceral mass,
and the larger the visceral mass proportionately, the greater the number of arms.

Furthermore, a very large number of arms is usually correlated with additional

coils in the digestive tube. But since the length of the individual arms decreases

proportionately to the number of arms present, due to a reduction both in the

number and in the length of the component brachials, the food-collecting surface

in 10-armed and in multibrachiate types of the same actual size can not be greatly

different.

An obvious advantage of the multibrachiate condition for such species as

inhabit the tropical littoral is that in case of accident from storms or other causes

resulting in the loss of arms much less damage proportionately would be done than

in the case of 10-armed forms, for in one of the latter the loss of a single arm
would decrease the food-collecting ability 10 per cent, while with a species with 150

arms 15 arms would have to be lost to cause a comparable amount of injury; and

since the arms of the 10-armed types are relatively much longer than those of the

multibrachiate forms, the lesser radius of the latter enables them to escape many
blows which would injure the former.

It is probably that the multibrachiate condition owes its origin or its per-

petuation to some factor in the ecology of the tropical littoral comatulids which

does not in like degree affect those living in deep or cold waters, and this factor

very possibly has to do it with an excess of vegetable plankton and silt in the food

which would require for its assimilation an enlarged digestive system, necessitating

an enlarged visceral mass.

The solubility of calcium carbonate (CaCO.,), of which the skeletons of the

crinoids are chiefly composed, increases with the decrease in the temperature of
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the water. It is because of this that lime-depositing organisms are more abundant

in the warmer than in the colder waters, and that the lime deposited by organisms
in the warmer regions is incomparably in excess of that laid down in colder.

Promachocrinus and Thaumatocrinus both inhabit water which is cold, abnor-

mally cold for species of their respective groups, yet abounding in available food,

and it may be that, through the relative difficulty in extracting the necessary
lime from solution in the regions where they live, the formation of the skeleton

can not keep pace with the growth of the visceral mass, this tending to render

more difficult the closure of the radial circlet and permitting, or even inducing,
the formation of the interradials upon which the interradial postradial series

eventually are formed- It is worthy of note in this connection that the related

genera Solanometra and Anthometra which occur with Promachocrinus, as well

as other unrelated genera, exhibit marked features which may be logically

attributed to cold. In Solanometra all the skeletal elements are abnormally short,

just as in many other species occurring in water abnormally cold for their groups,
in Comatulella lirachiolata (part 1, fig. 77, p. 130, and pi. 50, fig. 1332) and in

Antedon peta-sus (part 1, fig. 103, p. 165; compare with figs. 105, p. 169, and 106,

p. 171), for example, and in Anthometra the radials and postradial series remain

spinous and carinate, never assuming the mature smooth form. Florometra comes

nearest to the normal type from which Promachocrinus, Solanometra, and An-
thometra are derivatives.

The number of postradial ossicles or brachials in each linear series beyond the

outermost axillary is usually from 150 to 180, though in certain genera, such for

instance as Asterometra (figs. 206, 207, 209, pp. 143, 145, 149, and part 1. fig. 94, p.

155) and Ptilometra (fig. 204, p. 139, pi. 53. fig. 1346, and part 1, fig. 93, p. 153),

there may be as few as 70, and in certain others, such as Heliometra (fig. 233, p. 193),

Florometra, and the larger comasterids as many as 270, or even nearly 300. In

the fossil Uintacrinus, which has excessively elongated arms, the number is vastly

greater. P. H. Carpenter counted 140 in an arm of Antedon bifida 4 inches long.

The shape of the brachials, as seen in a dorsal view, varies from triangular
with the length equal to the width through wedge-shaped to oblong with a width

of many times the length, or with a length of many times the width and more

or less strongly incurved sides.

The first syzygial pair, composed of the third and fourth brachials, is ordi-

narily rectangular; occasionally, however, it is more or less wedge shaped and,

when this is the case, the inner side is longer than the outer. Only in rare

instances, as in Atelecrinus (part 1, figs. 123, p. 192, and 124, 125, p. 193), is the

additional inner length distributed equally on the hypozygal and on the epizygal.

Usually it is confined mostly, or even entirely, to the epizygal, which becomes

very obliquely wedge shaped or triangular, the hypozygal remaining nearly or

quite oblong.

Typically in 10-armed forms the anterior sides of the axillaries are slightly

concave and the two chords of these concave sides meet at the anterior angle in

such a way that this measures about 90. In certain cases, usually correlated with

a similar production of the interradial angles of the radials, the anterior angle
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FIGS. 163-172. FIGURES ILLUSTRATING ARM STBOCTUHE OF COMATULIDS. 163. DORSAL VIEW OF

SPECIMEN OF COMATULA PECTINATA FROM SINGAPORE, SHOWING DIFFERENCE IN LENGTH OF THE ARMS.
164. CENTRODOESAL AND ARM BASES OF SPECIMEN OF HELIOMETIIA MAXIMA WITH TWELVE ARMS.
165. RADIAL, DIVISION SERIES AND ARM BASES OF PTILOMETRA MULLERI. 166. SAME, WITH HOMOLOGIES
OF OSSICLES SHOWN. 167. IBR SERIES AND PROXIMAL BRACHIAI.S OF TROPIOMETRA AFRA, WITH
HOMOLOGIES OF OSSICLES INDICATED (SEE FIG. 116). 168. PROXIMAL PORTION OF AN ARM PAIR OF
HYPALOCRINUS NARESIANUS, WITH HOMOLOGIES OF OSSICLES INDICATED. 169. IBR AXILLARY, DIVISION
SERIES AND FROxIMAL PRACHIALS OF COMANTHERI A ALTERXANS. 170. SAME, WITH IIuMOLOGIES OF
OSSICLES INDICATED. 171. RADIAL, DIVISION SERIES AND PROXIMAL BRAC'HIAI.S 1>F CVM.'.NTlirS BEN-
NETTI. 172. SAME, WITH HOMOLOGIES OF OSSICLES INDICATED.
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may be narrowly produced, so that lines drawn from its tip to the outer ends of

the anterior sides of the axillary make considerably less than a right angle with
each other. Increase in the breadth of the arm bases, because of the slight curva-

ture of the anterior sides of the axillary, always broadens out the anterior angle,
which may become broadly obtuse and, through the gradual approximation of

the distal articular faces of the axillary and those of the first postaxillary ossicles,

may come to have nearly or quite straight sides- When there are several axillaries

in a single postradial series the anterior angle becomes progressively more and
more acute from the proximal outward.

In four comatulid genera, Eudiocrinus (figs. 189-191, pp. 109-112), Thau-
matocrinus (part 1, figs. 113, 114, p. 181), Pcntametrocrinus (part 1, figs. 119, p.

185; 120, p. 187; and 121, p. 189), and Atopocrinus, the arms do not divide at all.

In the majority of cases there is a single division, which is invariably on the second

brachial
;
if subsequent divisions occur they consist normally always of two or four

ossicles, excepting only in the genera Capillaster and Nemaster (figs. 180-182,

pp. 92-96), in which in the third and following divisions the first element in the

series of four is absent.

In the multibrachiate species the amount of division of the series of ossicles

following each of the five radials is as a rule approximately the same, especially if

the divisions be numerous
;
thus if a specimen of Comaster nova'.guinea be found to

have eight division series following one radial, it will be found to have eight fol-

lowing the other four also
;
or if an example of Mariametra subcarinata be found

to have three division series following one of the radials, it will have three follow-

ing all the others. Also it is generally true that both derivatives of the first

division series and all the branches arising from them or their successors divide

exactly the same number of times, or, if the number of divisions be exceptionally

large, approximately the same number of times.

Among certain species there is a tendency for each postradial series, after

dividing once, to divide a second time, but only on one side. When perfectly de-

veloped this method of division would result in the formation of 15 arms, 3 borne

upon each radial; but it is seldom that all of the postradial series are equally de-

veloped. In Comatula, NcocomateHa, Capillastcr, Ncmaster, Catoptometra, Cras-

pedometra, Heterometra, and especially in Ptilometra, Asterometra, Thalassometra,

Parametra, Gtyptometra, Chlorometra, Perissometra, and Pachylometra, there are

species which when adult may have anywhere from 10 to ] 5 arms, the second divi-

sion series being developed on only one side of from one to all five of the first

division series. This condition has also been noted in Antedon bifida and in Tropio-
metra picta. I have been unable to find any definite sequence in the place of ap-

pearance of these additional arms. In some of these species the number of arms

frequently rises above 20, in which case we usually find that the second division

series are developed one to each postradial series until the number of arms rises to

15, when the remaining second division series one by one appear, the whole series

of the second division being completed before the appearance of any of the divisions

of the third series.

142140 21 Bull. 82 8



88 BULLETIN 82, UNITED STATES NATIONAL MUSEUM.

In many species of Heterometra, in Craspedomef-ra acuticirra, and in Stephano-
metra tenuipinna the adults are often exceedingly variable in regard to the disposi-

tion of their division series beyond the first
;
whereas one or more of the postradial

series may divide as many as four times, others may divide only once, so that, while

one or two radials may support from 4 to 8 or even 10 arms, the others may bear

no more than 2. I have endeavored to trace out the radials in which this excess

of vegetative power is most developed, and for this purpose have gathered data

from scores of specimens; but an examination of the data taken from endocyclic

species shows that excess of vegetative power may be displayed by any one of the

radials indiscriminately, though there is some indication that if one postradial
series divides an abnormal number of times its fellow is likely to be similarly
modified. Bateson's specimen of Antedon bifida with palmate arms is an interest-

ing example of this. In Comanthus parvicirra P. H. Carpenter has found that when
the arm division is unequal it is usually carried farther on the so-called posterior

radii, C, D, and E, than on the anterior radii, A and B
;
and this appears to be a

more or less general rule throughout the Comasteridae.

In many species of the genera Craspedometra, Heterometra, Thalassometra,

Perissometra, Pachylometra, and Crinometra, in Zygometra comata and Stylometra

spinifera, and more rarely and irregularly in certain species of Comanthus and

Capillaster, there is ordinarily a third division series developed on the inner branch

of each of the second division series, the counterpart of which is absent from the

outer (fig. 226, p. 180). Excepting only in Stylometra spinifera (fig. 219, p. 166)

this condition is only found in species which have the second division series con-

sisting of four ossicles, and the added division series is always of two ossicles. In

species in which this arrangement is the rule there are occasionally developed, ex-

cepting in Stylometra spinifera, external third division series, these usually con-

sisting of four ossicles like the second division series instead of being composed of

two like the internal. In the species of the genus Himerometra (fig. 123, p. 79),

which have very numerous arms, but which belong to a family in which the ma-

jority of the species typically have 30 arms as a result of each postradial series

dividing three times internally and twice externally, this peculiar arrangement has

become fixed. All of the third division series are always present, but the two

internal are almost invariably 2, the two external always 4 (3+4). There are com-

monly one or two division series present beyond the third, and it is interesting to

note that, in spite of the great number of arms, the family character shows itself in

the almost invariable occurrence of one more division series on the innermost

branch from each of the second division series than is found on any of the other

branches. The many-armed species of Zygometra (fig. 136, p. 79) hold the same

relation to Z. comata (fig. 143, p. 83) that Himerometra does to Craspedometra and

Heterometra, although usually it is not quite so easily seen; but it is curious that

nothing of the kind is observed in the closely allied Catoptometra.
In Comatella (figs. 154, 156, p. 83). Cenometra (fig. 122, p. 79), Cyllometra,

Ptilometra (figs. 165, 204, p. 86), Pterometra (figs. 203, 208, pp. 137, 146), Astero-

metra, Stephanometra (figs. 125, 130, p. 79), Pontiometra, Dlc.hrometra, Lampro-
metra, Mariametra, Parametra, and <~!osndometra (fig. 214, p. 157). and in several
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of the genera of the Calometridae, one. or even two or three, more division series

are developed externally than internally. This arrangement is rather more stable

in the species in which it occurs than that just discussed, and is definitely char-

acteristic of many forms, while very frequent in others. The additional external

FIGS. 173-178. FIGURES ILLUSTRATING ABM STRUCTURE OP COMATULIDS. 173. DISTAL ARM DIVISION IN

SPECIMEN OF TROPIOMETRA PICTA FROM Rio DE JANEIRO (DRAWING BY AUTHOR). 174. DIAGRAM ILLUS-

TRATING HOMOLOGIES OF POST-RADIAL OSSICLES IN GENUS CoMATELLA. 175. LONGITUDINAL SECTION
THROUGH DIVISION SERIES AND EASE OF ARM IN HlMEROMETRA MARTENSI. 176. SINGLE ARM PAIR OF A
10-ARMED COMATULID. 177. BASE OF POST-HADI 4L SEBIKS OF A 20-AKMED COMATULID SHOWING, HEAVILY

OUTLINED, OSSICLES HOMOLOGIES WITH THOSE OF A 10-AKMED SPECIES. 178. BASE OF POST-RADIAL SBKIES

OF A 30-ARMED COMATULID SHOWING, HEAVILY OUTLINED, OSSICLES HOMOLOGOUS WITH THOSE OF A

10-ARMED SPECIES.

division series, like the additional internal just considered, are always composed
of two elements, but, contrary to what was found to be the rule in that case, they
are never developed except in species having all the division series of two elements.

The reason for the normal occcurrence of additional division series exter-

nally that is, along the outer branches arising from the IIBr axillaries is
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easily seen. I have elsewhere given reasons for believing that of the arms arising
from the IIBr axillaries those which are external are phylogenetically more
advanced as they are more perfected than those which are internal. This holds

good, of course, for all the derivatives from these axillaries. It is therefore to be

expected that the outer branches, being phylogenetically more advanced, will be

more subject to division, exactly as we see is the case in such genera as Comatella,

Cenometra, Ptilometra, Endoxocrinus, etc.

In the Himerometridae and in certain zygometrids, as just explained, exactly
the reverse is the case; there are usually more division series internally than ex-

ternally- This also is to be expected, for the Himerometridse, as shown by their

very short brachials and curious pinnulation, are retrogressive derivatives from

highly multibrachiate stock, and we should therefore assume the retention of this

multibrachiate character longer internally than on the phylogenetically more
advanced outer arms.

In the genus Comanthina (fig. 138, p. 79) the third division is normally of both

two and four ossicles, as in Himerometra, but the order in which they occur in

that genus is reversed, so that the IIIBr series are 2 externally and 4(3-|-4) inter-

nally. On the left posterior ray, sometimes on both posterior rays, the arrange-
ment commonly reverts to that of Himerometra, 4(3-(-4) externally and 2 inter-

nally, and may later be still further simplified by the reduction of all the series

of four ossicles to two.

In the larger species of the genus Comaster, as Comaster novceguineos (figs.

148, 150, p. 83), the first division series gies rise to two similar branches as usual;

the second division series, however, bear undivided arms externally and third

division series internally, the third division series bear undivided arms internally

and fourth division series externally, and so on, this alternation sometimes continu-

ing for eight or nine division series. The resulting appearance is as if each second

division series gave rise to two stout main trunks, each of these trunks giving
off arms on alternate ossicles, first on one side and then on the other, and finally

terminating in a pair of arms themselves. The first arm is always given off

externally from the main trunk, so that the arrangement of the arms along the

trunk is exactly like the arrangement of the pinnules along one of the terminal

undivided arms, excepting only that the arms are given off from alternate ossicles,

whereas the pinnules occur on every ossicle; but as the ossicles of the division

series are united by nonmuscular articulations, the arrangement of the arms is

precisely what the arrangement of pinnules would be on an arm with every
alternate articulation a syzygy.

In the smaller species of Comatella the second division series always gives
off internally an undivided arm and externally a third division series (fig. 154,

p. 83). When a fourth division series is present it is always given off from the

outer side of the third division series, the inner derivative of the third division

series remaining undivided. Tn Cotnatella nir/ra (fig. 156, p. 83), which may
have six or seven division series beyond the radials, the same peculiarity is found,
but it begins with the second division series instead of with the first, so that

the axillary of each second division series gives rise to two main trunks, each
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of which gives off internally, on every alternate ossicle, an undivided arm, eventu-

ally terminating in a pair of arms which, contrary to the case in Gomaster, are

not quite alike. In their method of division the arms of the species of the genus
Neocomatella agree with those of the smaller species of the genus Comatella.

In the genera Capillaster (figs. 180, p. 92, and 181, p. 94) and Nemaster (fig.

182, p. 96) the division series beyond the second are always 3(2+3), this type

being derived from the more usual 4(3+4) by the omission of the first ossicle.

The arms usually taper evenly and gradually
from the base to the tip, but often they slowly in-

crease in size from the base to the twelfth or four-

.teenth brachial and from that point slowly taper to

the extremity; this condition is especially prevalent
in the Oligophreata, though more or less character-

istic of many of the more specialized of the macro-

phreate forms, such as Antedon petasus or Helio-

metra glacialis. It is commonly correlated with the

degree of recumbency of the radials, reaching its ex-

treme form, in the recent comatulids, in those co-

masterids in which the radials lie horizontally. It is

particularly well seen in Comatulella l>rachiol<!ta

(part 1, fig. 77, p. 130; pi. 50, fig. 1332), Comatula

rotalaria, and 0. Solaris, though almost equally well

marked in many other types (fig. 184, p. 100) .

In a number of recent comatulids, most marked,
perhaps, among the species of Comactiniinse, the

arms are so swollen in their lower portion that the

brachials do not reach entirely across them but

terminate in a point somewhere between the median
line and the outer margin. This is not due to a per-
sistence of the original biserial arrangement, as

might appear at first sight, but instead, as is shown

by the development of the individual, is a purely

secondary condition, a sort of pseudo-biserialism.
In the very young brachials the proximal and distal

edges are strongly oblique, and one of the lateral FlG - ITS- CROWN AND PBOXIMAL POB-

j , , ,, ,, TION OF COLUMN OP SPECIMEN OF
edges is much longer than the other, so that in dorsal MONACHOCBINUS SEXBADIATUS.

view the brachials appear to be trapezoidal in shape ;

during growth material is added on each lateral border. As the ends always
maintain their original obliquity, addition of calcareous matter on the lateral

borders causes the longer side to become still longer and the shorter side to

become still shorter until it finally becomes a point beyond which the horizontal

(transverse) suture line between the proximal border of the succeeding and the
distal border of the preceding brachials runs to the edge of the arm.

Usually, and always in the endocyclic species, all of the arms in a single

specimen are just alike, or at least the various arms arising from each radial

179
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are exactly like the corresponding arms arising from all the other radials.

But in certain of the comasterids the arms arising from the one, two, or three

posterior radials are modified in various ways and have become curiously special-

ized, so that they are no longer strictly comparable to the more primitive arms

arising from the one or two anterior radials (fig. 163. p. 86).

As noticed by P. H. Carpenter these posterior arms (part 1, fig. 45, 6, p. 79)
differ in numerous particulars from the anterior arms (part 1, fig. 45, a, p. 79).

These latter taper very slowly, contain far more numerous brachials, and are much

longer than the former,
while the form of their

terminal portions and

of the pinnules which

they bear is altogether
different (figs. 1034.

1035. pi. 12). When
viewed from the dorsal

side the basal portions
of the two kinds of arms
are precisely similar ;

they widen slightly be-

tween the first and sec-

ond syzygies, remaining
uniform until the third

syzygy, afterwhich they

begin to taper. Up to

about the twenty-fifth

or thirtieth segment the

anterior and the pos-

terior arms decrease in

width at about the same

rate, but from this point

onward there is a great

difference between them.

The arms borne bv the
FIG. 180. CENTRAL PORTION AND ONE POST-RADIAL SERIES OF SPECIMEN OF . j- i

CAPILLASTEU SENTOSA rnoM "ALBATROSS" STATION 5166. anterior radials taper

very slowly, the length
of their segments increasing considerably while the breadth only diminishes

very gradually; at the same time the middle and terminal pinnules in which no

gonads are developed become very long and filiform and remain so until the last

few brachials. when their length suddenly diminishes very considerably. The
extreme end of the arm is a growing tip, continually, though very slowly (the rate

decreasing with the age of the individual), giving rise to new brachials, in every

way similar to the growing tip of very young arms, or to the growing tip of the

arms of Antedon bifida as described by W. B. Carpenter (fig. 1035, pi. 12).
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With the posterior arms of many of the comasterids the case is quite different.

From the twenty-fifth brachial onward they taper very rapidly, and in Comanthus

parvicirra, instead of reaching a length of 145 mm. as the anterior arms with some
150 brachials may do, they have only some 80 brachials, and rarely attain a greater

length than 60 mm. or 70 mm. At the same time their terminal pinnules are little,

if at all, longer than those of the middle portion of the arm, and the center of the

dorsal half of each of their segments is occupied by a dark brown, egg-shaped body
of a peculiar cellular nature, a so-called spherode, which Carpenter was inclined

to consider a sense organ (fig. 1034, pi. 12). The pinnules of the last few segments
decrease very slowly in size, and the arm ends in an axillary which bears two

pinnules of the ordinary character, each provided with the brown ovoid bodies or

spherodes (part 1, fig. 47, p. 81).
Between these two kinds of arms, the long anterior with a wide ambulacral

groove and a well-developed respiratory apparatus (fig. 1038, pi. 12) and the short

posterior with a closed groove and no external respiratory apparatus (fig. 1037,

pi. 12), all possible forms of transition occur.

In Comanthus parvicirra, as a general rule, more or fewer of the anterolateral

arms, Cx and E L> ,
are tentaculiferous, but they never reach such a great length as the

anterior arms, and their terminal pinnules are by no means so long and slender.

At the same time the posterolateral arms, C 2 and E
15 although generally non-

tentaculiferous, have, except in rare cases, a more or less open groove for the greater

part of their length, which, while greater than that of the posterior arms of the

radius D, is less than that of the anterolateral arms C t and E
2 ,

and their pin-
nules increase slightly in length from the middle until near the end of the arm.

Carpenter thus classifies the arms of Comanthiis parvicirra:

Anterior, on radii A and B; 120-150 brachials; pinnules increasing in length
to the terminal, which are very long and slender; tentaculiferous.

Anterolateral, on Ca and E,; 100-120 brachials; terminal pinnules long and
slender

;
tentaculiferous.

Posterolateral, on C, and E
;
80-100 brachials : terminal pinnules stout and

rather longer than the middle pinnules ; pinnules usually with spherodes and nar-

row ambulacral grooves, but nontentaculiferous.

Posterior, on radius D
;
60-80 brachials

;
terminal pinnules stout, but shorter

than the middle pinnules; spherodes are present; usually no ambulacral grooves;
nontentaculiferous.

Carpenter noted that another difference between the anterior and the pos-
terior arms is that the gonads on the latter are far more developed than those on
the former

;
not only is their number greater, although the total number of pinnules

on a posterior arm may not be much more than half that on an anterior arm, but

they attain a very much greater size, the proximal and middle pinnules of an

anterior arm being very much less swollen than the corresponding pinnules of a

posterior arm.

In larger species of Comasterida; Carpenter noticed that sometimes all the arms

might be grooved and bear tentacles, yet the posterior might be considerably
shorter than the others. In one species he noticed that, though all the arms are



94 BULLETIN 82, UNITED STATES NATIONAL MUSEUM.

equal and grooved, the distribution of the syzygies is quite different on the pos-

terior arms.

In the species of Comasteridse possessing grooveless arms it is usually only the

two posterior rays which carry them, but in large species with very numerous arms

a number may be found on each ray. In Comanthus parvicirra from the Philip-

pine Islands Carpenter found that the distribution of the ungrooved arms, as well

as their number, varies to a very great extent. He notes that in any case they

always occur on the odd (left) posterior radius, D; when more are developed they

may occur on the posterior divisions, C2 and Ej of the two lateral radii, C and E
;

and when the proportion of

nontentaculiferous to tenta-

culiferous arms becomes very

great, more or fewer of the

anterolateral arms C, and E 2

belong to the former class,

while in exceptional cases

nontentaculiferous arms may
even occur on the anterior

radii.

In only one individual

did Carpenter find a nonten-

taculiferous arm on one of

the two anterior radii. In

this specimen out of 31 arms
19 were entirely devoid of a

tentacular apparatus, and in

15 of these the fusion of the

two sides of the ambulacral

grooves had taken place either

on the disk or on the proximal

brachials, so that an ambu-

lacral nerve was wanting in

nearly half of the total num-
FIQ. 181. CENTRAL PORTION AND ONE POST-RADIAL SERIES OF SPECI- ber of arms. In the other
MEN OF CAPILLASTER MCLTIRADIATA MO,, " ALBATROSS STATION

four nontentaCuliferOUS arms

the groove remained open for

a short distance and then closed in the usual manner. Three of these four arms
constituted the anterior division (E 2 ) of the left lateral ambulacrum, but the fourth

was the first arm of the left anterior ambulacrum, and was borne upon the same
IIIBr axillary as a well-developed ordinary tentaculiferous arm.

In some specimens of Comanthus parvicirra Carpenter found that the arms
are all alike in possessing open ambulacral grooves fringed with crescentic lappets
and groups of tentacles.

In Comatula Solaris he found that the arms may be all grooved, or anywhere
from one to four may be nontentaculiferous.

181
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In Comatula pectinata all the arms may be grooved, or from one to six may be

ungrooved; and the same is true in C. micraster, though in this little species the

average frequency of ungrooved arms is rather higher than in C. pectinata. In

both these species the difference in length between the grooved and the ungrooved
arms is often very great, the former being sometimes as much as three times as long
as the latter (fig. 163, p. 86).

In the multibrachiate species the character of the division series giving rise to

these ungrooved arms is commonly different from that of the division series sup-

porting the ordinary grooved arms, this difference being in the direction of greater

simplicity of structure evidenced by the general substitution of division series of

two elements for those ordinarily of four. Sometimes in those species in which, as

in Comanthina. schlegelii and Comaster belli, the IIIBr series are normally 4(3-)-4)

internally and 2 externally, there is a reversion of this order on the posterior arms,

the arrangement here being then 2 internally and 4(3+4) externally, an arrange-
ment duplicated in Eimerometra and in the very many armed species of Zygometra.

The radials from which these modified arms arise are sometimes dwarfed,

though usually they appear to be no different from the others. The length and

thickness of the division series is, however, often considerably less (fig. 1017,

pi. 7). This diminution in size is not gradual, but very sudden, so that the

ossicle following the radial appears disproportionately small, as if the postradial

series had been broken off at the radial and subsequently regenerated.

Ludwig noticed that the terminal segments of the arms and pinnules of

Heliometra glacialis are devoid of ambulacral grooves, and P. H. Carpenter
found that this obliteration of the ambulacral grooves is brought about by the

approximation and fusion of the elevated folds of perisome at their sides, corre-

lated with a loss of tentacles and associated structures, just as in the Comasteridse,

the only difference being that it takes place much farther from the disk.

Within the same or closely related species the proportionate length of the

brachials and arms is to a large degree correlated with the proportionate length
of the cirrals and of the cirri. This is well illustrated by such species as occur

in localities where the temperature and salinity are above or below that ordi-

narily or typically normal for the genus or family. Thus in the warm Adriatic

and Mediterranean Seas we find Antedon adriatica (part 1, fig. 106, p. 171) and

A. mediterranea (part 1, fig. 105, p. 169), both of which, especially the former,
are remarkable for the length and slenderness of the arms, as well as for the

length and slenderness of the cirri and cirrals, characters by which they are

sharply separated from A. petasus (part 1, fig. 103, p. 165) and A. Mfida (part 1,

fig. 104, p. 167) of the colder waters of the east Atlantic, which, especially the

former, possess relatively short and stout arms, and short, stout, strongly curved

and short-segmented cirri. On the muddy bottoms in the shallow, warm, and

fresh Java Sea many of the wide-ranging East Indian types, such as Capillaster

sentosa, C. multiradiata, Comatula purpurea, Comaster fruticosus, Heterometra

producta, Oxymetra finschii, and Dichrometra flagellata, are represented by par-
allel types, in which the cirri, and usually also, though commonly to a somewhat
lesser degree, the arms, are exceedingly elongated and very slender. On the
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southern coasts of Australia we find Comatulella brachiolata (part 1, fig. 77,

p. 130), a curious species with very short and very stout arms and very short

cirri composed of very short segments, which is evidently a cold-induced form

derived from the ( 'otnatula type (figs. 184, 185, pp. 100, 102). In Comanthus wahl-

bergii of South Africa and in (.'. trichoptcra and its allies of southern Australia,

New Zealand, and Tasmania the same feature is evident, though in the C. trichop-

tera group a distinctive type of cirrus structure prevents these organs from being

strictly comparable with those of the other species of the genus.

Although an unusually warm habitat ordinarily induces the lengthening of

the comatulid arm, under certain con-

ditions and upon certain arms it has

exactly the opposite effect, causing
these arms to become short and stout.

The effect of a cold habitat appears to

be to render slower and more difficult

the formation of the skeleton, retard-

ing the deposition of lime to a much

greater degree than it inhibits the

other body processes, possibly as a re-

sult of the increased solubility of cal-

cium carbonate (CaCO3 ) at low tem-

peratures. Hence, in cold water forms

during the growth of the arms the

various organs attain their definitive

form when the brachials are still rela-

tively short, and the brachial skeleton

never attains the weight and density
of the brachial skeletons of warm-
water species. The shortening of the

brachials and therefore of the arms

also as a result of the action of cold

always affects all the arms to the same

degree.

The species of Comasteridse in

which the posterior arms are short

and ungrooved all occur in the littoral

zone of the Tropics, where the temperature of the water is high. Species from deep

or relatively cold water always have all of the arms of the same length and similar,

as in the endocyclic forms. There seems to be a definite connection, therefore, be-

tween a high temperature and modification of the posterior arms.

Ungrooved arms are especially remarkable for the great development upon
them of the sexual organs, which are more numerous and larger than those upon
the other arms.
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Fio. 182. CENTRAL PORTION AND ONE POST-RADIAL

SERIES OF SPECIMEN OB1 NEMASTEtt RUBIG1NOSA COL-

LECTED BY THE "
CHALLENGER," AT BAHIA, BRAZIL.
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In the exocyclic species the mouth is situated at or near the middle point

in a horseshoe-shaped ring running about the margin of the disk and giving off

branches to the various arms. As the central rings of the water-vascular, blood-

vascular, and ambulacral nervous systems, as well as of the ambulacral grooves,

retain their original position about the mouth, it is evident that the posterior

arms are at a considerable disadvantage, for while the circumoral rings lie directly

at the base of the anterior arms, the bases of the posterior arms are distant from

them half the periphery of the disk.

The genital cords of the different arms are at first connected by a ring about

the mouth, but this soon atrophies, so that in the adults the gonads on each arm

are entirely independent of those on the other arms. Thus the disadvantages
under which the brachial organs actively connected with ring systems about the

mouth are placed are inoperable in the case of the genital organs.
Heat has been shown to have the effect of stimulating the growth of the

genital organs, and there is no reason to support that this is not the case in

the crinoids as well as in other animals.

If it be so the stimulation of the gonads would naturally result in the

atrophy of the brachials and of the ventral systems and the more or less complete

suppression of the latter in the posterior arms on account of the aggressive
assimilation of the available nutriment by the stimulated gonads and the relative

difficulty of supplying additional nutriment because of the elongation of the

channels through which it has to pass.

In those species of the Comasteridse in which the mouth is central and the

ambulacral grooves converge to it in five furrows of equal length all the struc-

tures on all the arms are equally balanced and no opportunity is offered for the

genital organs to develop abnormally at the expense of the other systems. In

such types, no matter what the temperature of the water in which they occur,

the arms are always of equal length, as in the endocyclic species belonging to

other families.

Cold appears to have an inhibiting effect upon the genital organs, so that

exocyclic species found in cold water have all the arms, though short, of the

same length.

Carpenter believed that the condition of the respiratory apparatus was the

determining factor in deciding the condition on the posterior arms, and that when
this is well developed the arm seems to have the power of indefinite growth.

The division series and arms may stretch out horizontally (figs. 184, 185,

pp. 100, 102), or they may be closely appressed, making but a small angle with the

dorsoventral axis of the animal (figs. 206-209. pp. 143-149). These variations are

not correlated with the angle made by the raclials with the plane passing at right

angles through the dorsoventral axis, as might be expected, both extremes occurring
in the Oligophreata where this angle is always comparatively low.

When the division series and arm bases are widely divergent and approach
the horizontal the component elements are comparatively shallow and broad and
their ventrolateral edges are narrow and rounded, or more or less produced into
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rounded or denticulate flange-like processes, not coming into direct contact with
those of the neighboring ossicles (part 1, figs. 41, 42, 78, 85, 87, pp. 77, 131, 139,
143). When, however, the division series and arm bases are more or less turned
upward they come into contact with those adjacent on either side, with the result
that the possibility of lateral growth is greatly limited, and the ossicles become
sharply flattened or "

wall-sided "
laterally but, in compensation, deep dorsoven-

trally (part 1, figs. 43, 44, p. 77). Ordinarily, this lateral flattening is confined
to the elements proximal to the first brachial syzygy, ossicles which for phylo-

genetic reasons are broader than those

following, but in extreme cases it may
be traced almost as far as the twentieth
brachial of the free undivided arm (fig.

208, p. 146).

In a few instances species with broad

and patent central structures have de-

veloped an excessive broadening of the

division series and first two brachials,

and in these cases the ossicles which have

become broad have come into lateral con-

tact and have developed the sharply flat-

tened sides. A good example of this is

seen in Comanthus solaster.

Carpenter believed that the lateral

flattening of the division series and lower

brachials of the free arms, or "wall-sided-

ness" as he called it, was, together with

the commonly correlated presence of

strongly developed side and covering

plates, an attribute of deep water species,

and that it was a systematic character of

the highest significance; in fact, his

"Basicurva" "Spinifera" and "Granulifera" specific groups are based chiefly upon

it, though the two last invariably possess in addition "plated" ambulacra.

Carpenter was to a considerable extent justified in this conclusion at the time

he wrote, but subsequent investigation has shown that this character, however

suggestive it may be, is far too uncertain to be relied upon, appearing in widely

divergent groups and being suddenly suppressed in certain species belonging to

others in which it is usually seen.

In the Comasteridffi (figs. 120, 133, 137, 138, 148, 150, 152, 154, 156, 158, 169,

171, 180-188, pp. 79-108) the division series are almost invariably widely free

laterally and strongly rounded dorsally and laterally, the only exceptions being in

a few species of Comanthus (compare fig. 171, p. 86) in which the elements of the

division series are especially broad.

FIG. 183. LATERAL VIEW OF SPECIMEN OF COMATILIA
IltlDOMETRIFORMIS FROM " ALBATROSS " STATION
2670.
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In the Zygometridae (figs. 127, 136, 143, 189-191, pp. 79, 83, 109-112), as in the

Himerometridse, the division series and arm bases are usually in apposition lat-

erally with the lateral borders of the component elements sharply truncated. In

Catoptometra, however, they are narrow, stronglv rounded, and well separated.
In Craspedometra (fig. 141, p. 83), Heterometra, ffomalometra, and Ampki-

metra (figs. 192, 193, pp. 115, 117) of the Himerometridse the division series and arm
bases are closely appressed against their neighbors and more or less extensively
truncated laterally; but in Ilimerometra (fig. 123, p. 79) they are narrow, strongly

rounded, and widely free.

In the Mariametridse Pontiome.tra (figs. 139, p. 83, and 194, p. 120) has the

division series very narrow, very strongly rounded, and widely free laterally, while

in Oxymetra (fig. 195, p. 122), Liparometra, Dichrometra, and Mariametra (figs.

129, p. 79, 196, p. 124, 197, p. 125, and 684 p. 338) they are broad and in lateral

contact. The latter condition is usually found in Lamprometra also, though in

this genus the division series, through individual variation, are sometimes narrow
and separated from each other.

In the Colobometridse the conditions are very diversified; the division series

and first two brachials are narrow, very strongly rounded and widely separated,
and each of the component elements bears a broad ventrolateral flange, as in the

species of Stephanometridse (figs. 125, 130, p. 79), in Cenometra (part 1, fig. 87,

p. 143) ; they are entirely separated laterally and well rounded in Epimetra,

Cyllometra, Colobometra, Decametra, Oligometra, and Prometra; and they are in

lateral contact in Petasometra (fig. 198, p. 127), Cotylometra (fig. 199, p. 129),

Austrometra, Oligometrides, and Analcidometra.

In the Calornetridse (figs. 200, p. 130, 201, p. 133, 202, p. 134, and part 1, fig. 89,

p. 147) the postradial series are usually very narrow and widely separated, though
in certain cases they may be just in apposition through the broad lateral expansion
of the borders of the component elements.

In the Tripiometridas (fig. 116, p. 79. and part 1, fig. 88, p. 145) the division

series are remarkably broad, though thin dorsoventrally, and are sharply truncated

laterally.

In the Thalassometridae there is a considerable range of diversity. The ex-

treme of lateral flattening and of depth of rays and lower brachials is reached in

Asterometra (figs. 206, p. 143, 207, p. 145, and part 1, figs. 43, 44, p. 77, and 94, p. 155),

though, curiously enough, in the two most closely related genera, Ptilometra (fig.

204, p. 139, and part 1, fig. 93. p. 153) and Pterometra (fig. 208, p. 146), the elements

of the division series and arm bases, though broad, are very thin, so that their

truncated lateral borders are very narrow as in Tropiometra. In most of the genera
of this family the character is well marked, but in some of the more delicate species,

or individuals, of Thalassometra (fig. 224, p. 177) and Stylomefra (figs. 124, p. 79,

and 219, p. 166), and in Parametra (figs. 217, p. 163, and 218, p. 164), the ossicles of

the division series and arm bases may be of only moderate depth, rounded dorsally
and laterally, and more or less separated from their neighbors.

In the Charitometridae (figs. 226-232, pp. 180-192, 658, p. 329, 670-675, p. 335,

676-682, p. 338, and part 1, figs. 99, p. 160, 100, p. 162, and 101, 102, p. 163) the
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lateral flattening of the rays is more generally and uniformly developed than in any
other family; but it is not very marked in Pcecilometra (fig. 229, p. 186), and is

even less evident in Strotometra (figs. 230-232, pp. 188-192).

184

FIG. 184. BKOAD-ARMED VARIETY OF COMATULA PECTINATA, FROM SPECIMEN FROM SINGAPORE.

In the Macrophreata the postradial series are usually strongly rounded dorsally

and laterally and quite free, without the marginal processes commonly developed
in the Oligophreata to a greater or lesser extent when the elements of these series
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are well separated; but in Perometra (part 1, fig. 112, p. 179), Balanometra, Zeno-

metra, certain species of Trichometra, Nanometra, and related types, and in certain

specimens of the species of Leptometra, the postradial series are in close apposition
and more or less, sometimes very greatly, flattened, this lateral flattening reaching
in Zenometra columnaris and in Trichometra cubensis almost the same extreme as

in the most characteristically
" wall-sided "

species of the Thalassometridse. In

Atelecrinus (part 1, figs. 123, p. 192, 124, 125, p. 193, and 414, p. 319) and in

Hypalometra the constriction of the lower part of the animal is so great that,

though no great flattening occurs, thanks to the very considerable depth of the

brachials, the lower pinnules have no room in which to develop, and are there-

fore absent.

An instructive side light on the uncertainty of the " wall-sidedness
"

as a spe-

cific character is given by an examination of the " Basicurva group
"
as constituted

by Carpenter in the Challenger report. All of the included species but two fall in

the families Thalassometridse and Charitometridse, as now understood. Of these

two, one belongs to the genus Perometra (pusilla) of the family Antedonidse and

the subfamily Perometrinae, and the other to the genus Homalometra (denticulata)

of the family Himerometridse, both being much more closely related to species

placed by Carpenter in his heterogeneous
" Milberti group

" than to any of the

species with which they were associated.

In the groups in which the lower portions of the poftradial series are flattened

against each other and thus definitely fixed in position the general contour of the

lower part of the animal comes to present valid systematic characters which are

unsurpassed in reliability by any of the characters offered by any of the other

structures. This is especially true in Crossometra (figs. 226, 673, pp. 180, 335),

Perissometra (figs. 227, 670, pp. 182, 335, and part 1. fig. 100, p. 162) and Pachylo-
metra (figs. 671, 672, p. 335) in the Charitometridse, and in Ptcrometra (fig. 203, p.

137) and Aslerometra (figs. 206, 207, 209, pp. 143-149, and part 1, fig. 94, p. 155) in

the Thalassometridse. It was first used as a differential character by Carpenter in

distinguishing Perissometra angusticalyx, in which, as in certain more or less

related species, and in certain species of Pterometra, that part of the animal just

above the radials is strongly constricted.

When the lower portions of the postradial series are not flattened against each

other the contour of the proximal portion of the body depends mainly, in preserved

specimens, upon the state of contraction and distortion of the visceral mass, and

has either no, or only a very general, significance.

The close apposition and the strong flattening of the earlier postradial elements

against each other would result, were it not for some special adaptation, in the

cutting off of the medium inhabited by the animals from contact with the surface of

the visceral mass, entirely from its sides and more or less completely from its

ventral surface. This would result in the partial stagnation of the fluid whence

the contents of the water vascular system are drawn, and would undoubtedly give

rise, directly or indirectly, to serious pathological conditions. But in most cases

obvious provision has been made against such a contingency. The IB^ and all
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the reduplications of that ossicle have the outer distal angles sharply cut away, and
the IBr2 and all of its reduplications have the outer proximal angles similarly

truncated, so that numerous rhombic intersegmental pores are formed which pass

185

FIG. 185. SLEXDER-AEMED VABIETT OF COMATDLA PECTINATA, FROM SPECIMEN FROM SINGAPORE.

from the exterior through the thick calcareous wall formed by the postradial series

to the disk. These pores are especially evident in the species of Thalassometridse,
in which the division series are composed of two elements, as in many species of
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Thalagsometra (fig. 223, p. 175, and part 1, fig. 95, p. 157), in Crinometra (figs. 678,

683, p. 338), and in Atelecrinus (part 1, figs. 14, p. 65, 123, p. 192).

In very many species it is noticeable that the lateral angles of the axillaries

project beyond the sides of the ossicles preceding ;
or that, if the axillaries are long,

their sides make with the sides of the preceding segments a more or less deep obtuse

reentrant angle. The first condition is well seen in Antedon bifida and in A.

petasus (part 1, fig. 103, p. 165) ;
the second in Pontiometra andersoni (fig. 194,

p. 120), and in many of the Comasteridse, Himerometridse (fig. 123, p. 79), Maria-

metridae, and Colobometridae. This appears to be, like the intersegmental pores, a

provision for insuring an adequate supply of fresh water to the sides of the disk.

POST-RADIAL HOMOLOGIES.

First brachial pair.

The first two ossicles of the free undivided arms of the comatulids always
differ in size, form, ornamentation (if present), and mode of union from all

the succeeding brachials; the outer (second) is always situated just on the border

line between the perisome of the ventral disk and the ventral perisome of the

arm and bears a highly specialized pinnule; and the two following brachials are

always united by syzygy, forming the first syzygial pair.

The constant structural peculiarities and associations of this pair of brachials,

the larger size, greater width, straighter proximal and distal borders, which are

more nearly at right angles to the axis of the arm, and consequently more regu-

larly wedge-like shape, and the possession of special ornamentation or modifi-

cation, ventrolateral, or dorsolateral flanges, more deeply and sharply flattened

sides, or synarthrial tubercles, combined with the presence of the only synarthry

occurring in the undivided arm between them, their invariably fixed position on

the border of the disk, the occurrence upon the outer of a highly specialized

pinnule differing widely in size, structure, and function from the succeeding

pinnules, and the invariable presence of a syzygial pair beyond them, leave no

room for doubting that this pair of ossicles is strictly homologous throughout the

whole group, and furthermore render it very readily identifiable.

With the definite identification of a pair of ossicles wherever it may be

found, the elucidation of the brachial homologies of the comatulids becomes an

easy matter.

But the study of the post-radial homologies is sometimes rendered more or

less difficult by the projection of certain of the characters of the first brachial

pair, though always in a modified form, upon several of the succeeding ossicles,

which then form a transition zone of greater or lesser length between the first two
and the distal brachials. Especially the pinnule upon the outer element of the

syzygial pair immediately following the outer element of the first brachial pair

usually resembles more or less closely the pinnule borne by the latter; but the

succceeding pinnules are ordinarily markedly different, although in large species

(as in the species of Heliometrinse) they may have some of the characteristics of

142140 21 Bull. 82 9



104 BULLETIN 82, UNITED STATES NATIONAL MUSEUM.

the first pinnule projected upon them. But no matter how much modification of
the following brachials there may be, a close examination soon reveals the fact that

there are very impor-
tant differences between

them and the brachials

of the first pair.

Homoloffies of the division

series of tiro ossicles.

In all the ways in

which the first two

brachials differ from

the brachials succeed-

ing them they agree
with the elements of the

division series preced-

ing when these are com-

posed of two ossicles

only. This correspond-

ence is emphasized in

such species as Amphi-
metra ensifer (part 1,

fig. 86, p. 141), Pero-

metra afra, and Pero-

metra diomedece (fig.

119, p. 79, and part 1,

fig. 112, p. 179), in

which the apposed ful-

cra of the synarthrial

articulation are greatly

produced, forming a

high conical tubercle,

which is repeated on

the line of union of all

the pairs in the division

series; the species of

Tropiometra (fig. 116,

p. 79, and part 1, fig. 88,

p. 145 )
in which the first

two brachials are dis-

proportionately large,

and the elements of the

division series are disproportionately large also; the species of Stephanometra

(figs. 125, 130, p. 79, Cenometra (part 1, fig. 87, p. 143), and Cyllometra, in

which the first and second brachials each bear a broad rounded ventrolateral

FIG. 186. LATERAL VIEW OF SPECIMEN OF NEOCOMATELLA PDLCHELLA
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flange, which assists in supporting the visceral mass and which is repeated
on all the ossicles of the division series; the species of Pcecilometra (figs. 132,

p. 79, and 229, p. 186), in which the first and second brachials bear a broad dor-

solateral process, which is reduplicated on all the elements of the division series;

Oceanometra gigantea (figs. 145, p. 83, and 220, p. 168), in which the second

brachial (but not the first) bears a high median keel, which is repeated on the

outer elements of all the pairs in the division series
; many species of Mariametra^

Parametra, Lissometra (fig. 216, p. 161), and Stiremetra, and certain species of

Asterometra (figs. 206, 207, pp. 143, 145), Cosmiometra (fig. 213, p. 155), and Tha-

lassometra (fig. 224, p. 177), in which the first two brachials and the elements of

the division series are conspicuously carinate; many species of Thalassometra

(fig. 223, p. 175), Stylometra (fig. 219, p. 166), and Sarametra, in which both

are covered with long spines ;
certain species of Mariametra (fig. 684, p. 338), Crino-

metra (figs. 678-683, p. 338), GlyptoTnetra, Calyptometra (figs. 676, 677, p. 338), and

Perissometra (fig. 658, p. 329; part 1, fig. 100, p. 162), in which both bear a charac-

teristic tubercular ornamentation; and in many other less conspicuous ways in

other types.

There can therefore be no doubt whatever that the division series of two

ossicles, no matter how many of them there may be, are strictly homologous
with the first two brachials of the free undivided arm and represent redupli-

cations of that pair of brachials interpolated between it and the radials.

The comatnlids, in which the division series are invariably of two ossicles,

which are simple reduplications of the first brachial pair, include the majority
of all the known forms. All 10-armed species, except those in the genus

Thaumatocrinus, fall in this category, as well as all the multibrachiate species
in the Stephanometridse, Mariametridse, Ptilometrinae, and Perometrinse, and many
of those in the Zygometridse, Colobometridse, Calometridae, Thalassometrinse, and
Charitometridse. Promachocrinus also belongs here.

Eudiocrinus and Dintacrinus.

In Eudiod-inus (figs. 127, p. 79; 189, p. 109; 190, p. Ill; 191, p. 112, and part 1,

figs. 83, p. 136, and 84, p. 137) the arms are undivided, but both the first and
second pairs of brachials present the same features. The second pair is followed

by a syzygial pair, and is easily recognizable as homologous with the first pair
of brachials in the free undivided arms of other types.

It is therefore clear that the arm structure of Eiidiocrinus is strictly com-

parable with that of the 10-armed species in which the first pair of brachials

is preceded by a IBr series, differing only in the circumstance that in Eudiocrinus

the outer element of the IBr series is not axillary and therefore bears a single
undivided arm plus a pinnule instead of a pair of arms.

The distal element of each pair of ossicles united by a nonmuscular articu-

lation always bears two processes on its distal border, an arm and a pinnule (as
in the case of the first brachial pair), two exactly similar arms (as in the case
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of all the outermost axillaries), an arm and a division series, or, abnormally but

not infrequently, two exactly similar pinnules.
While ordinarily a definite and fixed pair of structures is found on the

distal end of the distal element of any given pair of ossicles united by nonmus-
cular articulation, these pairs of structures are more or less interchangeable, and
such interchange is a common source of variation.

In Antedon bifida and in Leptonemaster venustus nine-armed specimens have
been recorded in which, through variation, one of the post-radial series was un-

divided, but possessed at the base two exactly similar pairs of brachials. In these

cases it is evident that the normal IBr series were actually present, but the IBr
2 ,

instead of being axillary
and carrying two arms on
the distal border, carried a

single arm and a pinnule.
Thus through varia-

tion resulting in the re-

placement of one of the two
arms normally following a

IBr series by a pinnule, 10-

armed species may on one

ray occasionally assume the

brachial structure charac-

teristic of Eudiocrinus.

The 10-armed comatu-

lid genus Uintacrinus (fig.

147. p. 83) has a peculiar

arm structure, at first sight

apparently differing from

that of any other comatulid.

The arms divide once, upon
J87 the second postradial os-

Fio. 187. CENTRAL PORTION AND ONE POST-RADIAL SERIES OF TYPE side The first pinnule is

on the second postaxillary

ossicle on the outer side of the arm; the second on the fourth, on the inner side;

the third on the fifth, on the outer side; and the following pinnules occur alter-

natingly on succeeding brachials. The third and fourth postaxillary ossicles

resemble the first and second in size and in the direction across the arm of the suture

line between them, and in these features differ from the ossicles succeeding. The

second pinnule is more like the first than like the third.

The absence of pinnules on the first and third postaxillary ossicles, the

similarity between the pinnules on the second and fourth postaxillary ossicles,

the similarity between the third and fourth and first and second postaxillary

ossicles, and the similarity in the direction taken by the joint lines between the

third and fourth and first and second postaxillary ossicles, leave no room for



MONOGRAPH OF THE EXISTING CKINOIDS. 107

doubting that the first brachial pair, normally situated at the base of the free

undivided arm, is here represented by the third and fourth postaxillary ossicles,

while the first and second represent a reduplication of this pair situated between

it and the axillary or distal element of the most proximal pair.

The structure of the arm of Uintacrinus from the axillary onward, therefore,

is identical with that of the entire arm in Eudiocrinus. A reduplication of the

first brachial pair is present in which the distal element is not axillary.

Judging from its universal presence in all other genera, the absence of the

second arm on the reduplication of the first brachial pair situated between the

normal first brachial pair and the axillary would seem to be a retrogressive

character
;
we should therefore expect that in the young of Uintacrinus the second

postaxillary ossicle would appear more like an axillary than in the adult, and

we find that such is the case.

The correctness of this interpretation of the arm structure of Uintacrinus is

shown by a specimen with 11 arms in which one of the second postaxillary

ossicles is an axillary bearing two arms instead of an arm and a pinnule as

usual; and another, with nine arms, in which the second postradial ossicle

instead of being axillary bears an arm and a pinnule, so that three similar pairs

of ossicles, each bearing a continuation of the postradial series and a pinnule

on the distal border of the outer element, are present.

Of interest in this connection is a specimen of Florometra perplexa (fig. 131,

p. 79) at hand, in which on one of the arms arising from a TBr axillary and

immediately following the latter there are two pairs of ossicles exactly alike.

This arm therefore possesses the structure characteristic of the arms of Uintacrinus.

ren1am(trorrlni<l<e and Atopocrinvs.

In Thaumatocrinus (part 1, figs. 113, 114, p. 181; 115-118, p. 183), Penta-

metrocrinus (fig. 126. p. 79, and part 1. figs. 119, p. 185; 120, p. 187; and 121,

p. 189), and Atopocmnus (part 1, fig. 227, p. 245) the arms are undivided. Exami-

nation shows that the first two ossicles following the radials correspond exactly

to the first two brachials in the free undivided arms of other types.

Therefore Thaumatocrinus, Pentametrocrinus, and Atopocrinus are simple
forms in which the IBr series are absent, and the free undivided arms arise

directly from the radials.

The species of these three genera have the simplest arm structure of any of

the comatulids.

In Thaumatocrinus and Pentametrocrinus, and to a lesser degree in Atopo-
crinus, the ventral disk runs for a considerable distance up the arms, these radial

tapering prolongations giving it a sharply stellate shape, and merges into the

ventral perisome of the arms at a point far beyond the second brachial. In no
other types does this occur. Also in these three genera, alone among the recent

comatulids. the first syzygial pair does not immediately follow the first two
brachials but is separated from them by an interpolated brachial.
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Hontoloffifs of the division scries of four ossicles.

A study of the species in which the division series are 4(3+4) shows that in

these division series the first two elements are obviously strictly comparable with

the first pair of brachials on the free undivided arms. Where special marks which

serve to identify the elements exist, as in the distinctive ornamentation in Oceano-

metra gigantea (fig. 220, p. 168) , 0. maffna (fig. 221. p. 171) ,
and 0. annandadei (fig.

222, p. 173), in other species of Thalassometridae, and in certain forms in the Char-

itometridse (figs. 679, 680, 681, p. 338), it is equally certain that the two outer ele-

ments in the division

series of 4(3+4) are

strictly comparable with

the first syzygial pair of

the free undivided arms.

Thus whereas the

division series of two os-

sicles are reduplications
of the first two brachials

of the free undivided

arms, the division series

of four ossicles are simi-

larly reduplications of

the first four brachials

of the free undivided

arms.

Since the distal ele-

ment of the first brachial

pair and of all the re-

duplications of this pair
situated proximal to it

always bear two deriva-

tives on the outer border,
two arms, two division

series, a division series and an arm, an arm and a pinnule, or, abnormally, two pin-

nules, it is easy to see why in division series of 4(3+4) the second element always
bears a pinnule.

Occasionally division series of four ossicles occur in which the elements of both

pairs are similarly united by synarthry. These are unusual and abnormal, but

they have been reported in Cyllometra albopurpurea (" C. anomala"), in Hetero-
metra quinduplicava ("Antedon anceps"), and in Adelometra angustiradia. They
represent two division series of two ossicles each, in which the outer element of the

first bears a pinnule instead of a second arm.

In-egnlarlHes in the occurrence of the division series of 4(3 + J,t.

Division series of 4(3+4) appear to be correlated with a very broad and patent

habit, exceptionally reduced raclials, and an exceptionally large visceral mass, the

FIG. 188. CENTRAL PORTION AND ONE POST-RADIAL SERIES OF SPECIMEN OF
COMANTHEEIA ALTERNANS FItOM PHILIPPINE ISLANDS.
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border of which is attached to the distal edge of the third brachial instead of to

the distal edge of the first, so that the larval arms are discarded at the first syzygy
instead of at the preceding synarthry, as in the case of multibrachiate species in

which all the division series are 2.

Correlated with a high state of specialization in other structures, they appear
themselves to represent a high state of brachial specialization, and to be a consider-

able phylogenetic advance over the division series composed of two ossicles only.

In all the species in which they occur they are relatively unstable, and are

subject to more or less extensive replacement by division series of two ossicles; in

fact, in most forms in which the IIBr series are normally 4(3+4) it is a relatively

rare circumstance to find a specimen in which at least one of the IIBr series is not 2.

Division series of 4(3+4) are

relatively rare beyond the IIBr

series, for in a majority of the

species in which IIBr series of

4(3+4) occur the IIIBr series are

mostly or entirely 2. This is well

illustrated in the genera Crino-

metra (figs. 679-681, p. 338), Cros-

sometra (figs. 673, 675, p. 335),

Perissometra, Pachylometra (fig.

672, p. 335), Glyptometra, TTialas-

sometra, Zygometra (fig. 143, p.

83), Craspedometra (fig. 141, p.

83, and part 1, fig. 85, p. 139),

Heterometra, and Catoptometra.
Sometimes beyond the IIIBr

series of 2 there are IVBr series

of 4(3+4) resembling the IIBr

series, and there may be a con-

tinuation of this alternation. This

is illustrated by species of Himero-
metra and Zygometra, but more

especially by the species of Comantheria where it reaches its greatest perfection in

the form known as Comantheria aUernans (fig. 169, p. 86).
In Himerometra (fig. 123, p. 79), Craspedometra, and in the large species of

Zygometra (fig. 136, p. 79) the IIIBr series are usually 2 on the inner branch from
each IIBr series, and 4(3+4) on the outer. The IVBr and following series, if

present, are indiscriminately 4(3+4) or 2, usually with a majority of the former.

In Comanthina schlegelii (fig. 138, p. 79) the conditions in the IIIBr series are

reversed, the inner being 4(3+4) and the outer 2; but on the posterior arm the

inner are commonly 2 and the outer 4(3+4) as in Himerometra.
In genera and species characterized by the presence of IIBr series of 4(3+4)

in which IIIBr series occur these latter are often much more stable and more re-

Fio. 189. LATERAL VIBW OF TYPE SPECIMEN OF EUDIO-

CEINUS GEACILIS.
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liable for systematic purposes than the IIBr series, as is well illustrated in the

genera Nemaster, Capillaster, Comaster, Comanthina, C'omantheria, Comanthus,

ffimerometra, and Heterometra.

In none of the comatulids are the IBr series, the oldest and presumably the

most primitive of the division series, of more than two ossicles normally, but two

cases have been reported where they were 4(3+4:)- One of these was in a specimen
of Heterometra quinduplicava ("Antedon aneeps") recorded by Carpenter, the

other in a specimen of Comanthus parvicirra recorded by Hartlaub. I have per-

sonally verified both of these observations on the original specimens.
In many of the multibrachiate species of the Comasteridse it not infrequently

happens that division series of six or even of eight ossicles occur in which the two

outermost are united by syzygy. Such aberrant division series always consist of

a series of paired elements, of which the distal invariably bears a pinnule, and

there is never any difficulty in homologizing them with division series of the

usual type.
Systematic distribution of the division series of 4(3 + $).

Whereas all comatulids excepting the species of Thaumatocrinus, Pentametro-

crinus, and Atopocrinus have at least one division series of 2, the division series of

4(3+4) are restricted in their occurrence entirely to the Oligophreata, where, how-

ever, they are found more or less commonly in a considerable number of genera.
In the Comasteridse IIBr series of 4(3+4) are found in Capillaster, Nemaster,

Comaster, Comanthina, Comantheria, and Comanthus; in the Zygometridse in all

but one of the species of Zygometra, and in all but one of the species of Catopto-

metra; in the Himerometridae in all the species of all the genera except Amphi-
metra; in the Colobometridae in Petasometra only; in the Calometridse in Oreo-

metra only; in the Thalassometridse in Oceanometra, Crotalometra, and a few

species of Thalassometra,' and in the Charitometridse in Crossometra, Perissometra,

Pachylometra, Glyptometra, and in most of the species of Crinometra.

In the Macrophreata there is a record of an 11-armed specimen of Antedon

bifida in which the single IIBr series was 4(3+4).

Cnpillaster and Nemaster.

In the species of Capillaster (figs. 158, p. 83; 1022, pi. 9; 1026, pi. 10; 180,

p. 92; and 181, p. 94) and Nemaster (fig. 182, p. 96) the IBr series are 2 and the

IIBr series 4(3+4), exceptionally 2; but the following series are always 3(2+3),
while on the free undivided arms there is only a single brachial preceding the first

syzygial pair.

It is evident that here the first ossicle of the first brachial pair has been

suppressed, and with its suppression has gone the suppression of its counterparts
in the third and following division series.

In Capillaster and Nemaster the arms arising from the IBr axillaries always
have both elements of the first brachial pair present, and also the division series

arising from the same axillaries are always 4(3+4) or 2, never 3(2+3) ;
but in

both arms and division series arising from the IIBr and subsequent axillaries the
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first element of this pair is always missing, so that the latter are 3(2+3), or

occasionally 1.

The suppression of the first element in the first brachial pair and its redupli-

cations occurs from the pair immediately following the IIBr axillary onward,

regardless of whether the pairs be incorporated in a division series or form the

basis of an arm. The division series and arms following IIBr series of 2 do not

differ from those following IIBr series of 4(3+4).
In CapUlaster and Nemaster we have normally IBr series of 2; IIBr series

of 4(3+4), rarely of 2; IIIBr series (in which the first ossicle is suppressed) of

3(2+3), or 1. In addition to these we sometimes find division series of 2(1+2)
where in the IIBr series the two ossicles have been exceptionally closely joined,

and where in the IIIBr and fol-

lowing series of the normal type

4(3+4) both elements of the first

pair have been suppressed, leav-

ing a division series composed of

the syzygial pair only, 2(1+2).
In the arms as well as in the outer

division series both elements of

the first brachial pair may be

omitted, so that the arms may be-

gin with a syzygial pair.

Bearing in mind the relative

instability of division series of

more than two elements as a re-

sult of the constant tendency to

a reduction in the number of

their elements to the more primi-

tive two, and the fact that no

fewer than five types of division

series, 4(3+4), 3(2+3), 2(1+2),
2 and 1 are of normal occurrence in these genera, we are prepared to find individ-

uals of the component species in which extraordinary variability occurs.

P. H. Carpenter records a specimen of a species of Nemaster closely allied

to N. ribiginosa which was dredged by the Blake in the Caribbean Sea in which
the IIIBr series are 1, and the IVBr series may be 1, or 2(1+2) ;

the second

and third brachials are usually united by syzygy on the outer arms of each ray,
and sometimes also on the adradial arm which is on the inner side of each IIBr
series ; but the other arms generally have the first two brachials united by syzygy.

The explanation of this condition is very simple. Whereas usually the

IIIBr and IVBr series in this genus are 4(3+4) minus the first ossicle, leaving

3(2+3), in this case they are 2 minus the first ossicle, leaving 1; the IVBr series

of 2(1+2) are series of 4(3+4) minus the first two ossicles; and this feature is

characteristic of most of the arms where both of the elements of the first brachial

190

FIG. 190. LATERAL VIEW OF TYPE SPECIMEN OF EUDIO-
CRINUS OHXATUS.
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pair are suppressed, leaving the first syzygial pair, composed of the third and

fourth brachials, at the base of the arm.

In a specimen of Nemaster iowensis (which I originally called Nemaster

irregularis) from Dominica the IIBr series are 4(3+4), and the IIIBr series

usually 1, rarely 2(1+2).
In a magnificent specimen of Capillaster marice which I dredged in Kago-

shima Bay one of the IIBr series is 4(3+4), one is 2(1+2), four are 2 and three

are 1
;
of the IIIBr series one is

4(3+4), three are 3(2+3), two
are 2(1+2), and one is 2; usually
the second and third brachials

form the first syzygial pair, but

sometimes the first and second.

In a 28-armed specimen of

Capillaster multiradiata from

Ruck, Caroline Islands, recorded

by Hartlaub, two of the IIBr
series are 4(3+4) and eight are

2(1+2) ;
the IIBr series of

2(1+2) are commonly followed

by IIIBr series of 3(2+3), with

one of 4(3+4) in which, as oc-

casionally happens, the first ossi-

cle has not been suppressed.
A specimen of Capillaster

multiradiata from the Malay

Archipelago in 160 fathoms has

the details of the arm division as

follows :

Ray 1 : Two IIBr series; that

to the left (viewed dorsally) bears

outwardly (on the left) a IIIBr

2 series and inwardly (to the

right) an undivided arm
;
both of

the undivided arms arising from

the IIIBr series have the first

syzygy between the second and third brachials, but the (internal) undivided arm

arising from the IIBr series has the first syzygy between the third and fourth

brachials; the IIBr series to the right bears inwardly (toward the left) an un-

divided arm, in which the first syzygy is between the third and fourth brachials,

and outwardly (toward the right) a IIIBr 5(4+5) series, the two derivatives from
which have the first syzygy between the second and third brachials. The total

number of arms on this ray is six, arranged in 2, 1, 1, 2 order.

Ray 2: Two IIBr 2 series; that to the left bears two undivided arms, in

which the first syzygy is between the third and fourth brachials
;
that to the right

FIG. 191. LATERAL VIEW OF TIPE SPECIMEN OF EDDIO-
CEINUS VENUSTULUS.
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bears inwardly (to the left) a IIIBr 4(3+4) series, both derivatives from which

have the first syzygy between the second and third brachials, and outwardly (to the

right) an undivided arm in which the first syzygy is between the third and fourth

brachials. The total number of arms on this ray is five, arranged in 1, 1, 2, 1 order.

Eay 3 : Two IIBr 2 series : that to the left bears externally (to the left) an

undivided arm, in which the first syzygy is between the second and third brachials,

and internally (to the right) two IIIBr series, all four derivatives from which
have the first syzygy between the second and third brachials

;
the IIBr series to the

right bears two undivided arms, in which the first syzygy is between the second

and third brachials. The total number of arms on this ray is seven, arranged
in 1, 4, 1, 1 order.

Eay 4: One of the IIBr series, that to the right, is 4(3+4), the other, that to

the left, 2; the IIBr 4(3+4) series bears two IIIBr 3(2+3) series; in the four

derivatives from these the first syzygy is between the second and third brachials

in all cases except on the innermost (farthest to the right) arm where it is between

the fifteenth and sixteenth brachials; the IIBr 2 series bears two IIIBr 2 series;

of these, the inner (to the left) bears two IVBr 3(2+3) series; the outer

(to the right) bears inwardly (to the left) a IVBr 3(2+3) series and outwardly
an undivided arm. In all the derivatives from this IIBr 2 series the first

syzygy is between the second and third brachials. The total number of arms on this

ray is 11, arranged in 2, 2, 4, 3 order.

Eay 5 : Two IIBr 2 series
;
that to the left bears externally (to the left) an

undivided arm and internally (to the right) a IIIBr 3(2+3) series; that to the

right bears internally (to the left) an undivided arm and externally (to the right)
a IIIBr 2 series, which bears internally (to the left) a IVBr 4(3+4) series and

externally an undivided arm. All the first syzygies in the arms of this ray are

between the second and third brachials. The total number of arms on this ray
is seven, arranged in 1, 2, 1, 3 order.

On the arms on which the first syzygy is between the second and third

brachials the first brachial always bears a pinnule; but on the arms on which
the first syzygy is between the third and fourth brachials the first pinnule is on
the second brachial.

In this specimen all but one of the IIBr series are 2, while of the ten IIIBr
series present five are 2, three are 3(2+3), one is 4(3+4), and one is 5(4+5).
In the 36 arms the first syzygy is between the second and third brachials in 29,
between the third and fourth in six, and between the fifteenth and sixteenth in one.

Tabulation of the postradial series of this aberrant individual gives the fol-

lowing:
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Comatella, Neocomatclla, anil Palreoconialella.

In the genera Comatella (figs. 152, 154. 156, 174, pp. S3. 89), Neocomntella. and

Palaocomatella a curious condition occurs. Typically only the outer derivative

from each axillary bears a division series, the inner remaining undivided. Care-

ful examination shows that on these inner undivided branches the first two

brachials are always united by syzygy, while the following brachials are united

by muscular articlation. Thus following the last axillary we find on the inner

side an arm which begins with a syzygial pair and on the outer an arm beginning
with a pair of ossicles united by synarthry (often replaced by a syzygy) followed

by a pair united by syzygy.
The only possible interpretation of this condition is that, considering only

the outer derivatives from each axillary, there occurs the structure normal for

species in which the division series are all of two elements; but considering the

inner derivatives from the same axillaries, the division series themselves act

also as the first brachial pair of each of the arms, which therefore appear to begin
with a syzygial pair.

Thus while in Capillaster and Nemaster normally the first element of the

pair of ossicles immediately succeeding the IIBr and all following axillaries is

suppressed, and sometimes both elements are wanting, in Comatella, Neocomatella,
and Palceocomatella normally both the elements of the pair of ossicles immedi-

ately succeeding the IIBr and all following axillaries are suppressed on the inner

derivative, though both are present on the outer.

In the species of Comatula with more than 10 arms (figs. 121, p. 79, and

1020, pi. 8) the arm division appears to be similar to that of Comatella.

There is in the British Museum a curious example of Capillaster multiradiata,

unfortunately without data, in which three of the IIBr series are 2, the other

two being 4(3+4) ;
each of the latter bears a IIIBr 3(2+3) series; the IIBr 2

series may be immediately followed by a syzygial pair (the normal third and fourth

brachials), or they may give rise to undivided arms in which the first syzygy is

between the second and third brachials.

Thus this specimen presents the characteristic features of the arm division

of Comatella combined with those of the arm division of Capillaster.

Distal arm division.

In Metacrinus (figs. 161, 162, p. 83) the first brachial pair as defined in the

preceding pages immediately follows the radials as in the Pentametrocrinidae

and in Atopocrinus, but beyond this, at increasingly long intervals, the arms
divide many times.

This type of arm division does not occur regularly in any of the recent

eomatulids, but is found as a not uncommon sporadic variant in many of the

Oligophreata, and rarely in the Macrophreata, instances being recorded in Tropio-
metra picta (fig. 173, p. 89), where it is not unusual, Di-chrometra doderleini (fig.

1027, pi. 11), Catoptometra opJiiura. Antedon bifida, and Thaumatocrinus, sp.,

in the last occurring twice in a single arm.
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FIG. 192. LATERAL VIEW OF TYPE SPECIMEN OF AMPHIMETRA SCHLEGELII.
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As will be explained later, each pinnule is in origin an atrophied arm, and

arm branching of this type merely indicates that a pinnule has more or less

completely reverted to its original intent.

Nomenclature of the different types of post-radial structure.

When the postradial series are undivided and the first brachial pair imme-

diately follows the radials. as in the Pentametrocrinidse and in Atopocrinus, the

arms are said to possess Simple Arm Structure.

All the 10-armed species, except those included in the genus Thaumatocrinus,

together with the species of Promachocrinus and Eudiocrinus, in which the first

brachial pair at the base of the free undivided arm is preceded by a single

reduplication of itself (the IBr series), are said to have Simple Interpolated Arm
Division.

Species with more than 10 arms and with all the division series 2 or 4(3+4)
and the first brachial pair present at the base of the free undivided arms are

said to have Multiple Interpolated Arm Division.

This multiple interpolated arm division may be Primary, where all the

division series are 2, or it may be Secondary, where more or fewer of the division

series are 4(3-|-4).

When the first element of the first brachial pairs and their reduplications

is absent from all the pairs beyond the IIBr axillary, as in Capillaster and

Nemaster, the postradial series are said to possess Defective Interpolated Arm
Division.

When the external arms on each axillary arise through multiple interpolated

division, but the internal arms lack the first brachial pairs, as in Comatella,

Neocomatella, and Palceocomatella, the postradial series are said to have Compound

Interpolated Arm Division.

Metacrinus, in which the first brachial pair is represented by the first two

ossicles following the radials, but in which the arm divides several times distal

to it at irregular intervals, is said to possess Simple Extraneous Arm Division.

Such genera as Isocrinus and Pentacrinus (Extracrinus), in which the first

or first two division series are interpolated, but all those following extraneous, are

said to possess Heterotypic Arm Division.

ADOLESCENT AUTOTOMY AND THE BEDUPLICATION OF THE ARMS.

Young of t?ie Comatuliils.

In the young of the species of Eudiocrinus and of the Pentametrocrinidae the

arms from their first inception grow continuously and uninterruptedly during
the life of the individual, though in the adults the addition of new brachials,

which takes place at the arm tips, proceeds very slowly.

Likewise, in the 10-armed species the arms, forking soon after their first

appearance, continue to grow uninterruptedly throughout the life of the individual.

In all the comatulids the arms almost from the very first exhibit all the

essential characters of the arms of the adults, and the only change that takes
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FIG. 193. LATERAL VIEW OF TYPE SPECIMEN OF AMPHIMETRA SPECTABILIS.
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place in the brachials and pinnulars is a shortening and broadening, combined

with the gradual appearance of the adult ornamentation if any be present.
The young of the multibrachiate comatulids are also 10-armed until a con-

siderable size is reached, structurally agreeing in every way with the young of

the permanently 10-armed forms.

I have examined the 10-armed young of Capillaster multiradiata, Comanthus

pinguis, C . japonica, C. parvicirra, Himerometra martensi, and Stephanometra

monacantha, and of numerous other species belonging to the Comasteridse, Zygo-

metrida;, Himerometridae, Mariametridse, Colobometridse, Calometridne, Thalasso-

metridse, and Charitometridse.

In the case of the 10-armed young of the species of Himerometra generic
determination is very easy, as the characteristic enlarged proximal pinnules are

conspicuous from the first; and the same is true of the 10-armed young of the

species of Stephanometra, in which the distinctive spiniform proximal pinnules

appear at a very early age; but in the great majority of the multibrachiate species

specific determination of the young is in general only possible by inference, based

upon the association of the young with the adults, since the structure of the free

undivided arms and of the pinnules which they bear varies but little within broad

groups, and the division series upon which we depend for the determination of

the adults are lacking. Furthermore, as in the proximal pinnules, which do

not appear until several of the outer pinnules have been formed, Pj appears
before P 2 , and P2 appears before P 3 ,

the characteristic enlargement of P2 in such

types as Lamprometra and of P3 in various species of Heterometra and Dichro-

metra is naturally relatively late in becoming evident, for Pt attains a considerable

growth before P2 and Ps are formed, and it is some time before they overtake it.

The postradial series of these 10-armed young of multibrachiate types in

every way resemble those of the adults, except that all the division series lying

beyond the IBr series are lacking, and the free undivided arms, 10 in number
and strictly comparable with the free undivided arms of the adults, arise directly
from the IBr axillaries instead of being separated from them by a greater or

lesser number of ossicles.

Interpolated division series.

Since the free undivided arms of the 10-armed young are identical in structure

with those of the adults, but arise directly from the IBr axillaries without the

intervention of division series, it is evident that the postradial structure of the

adults differs from that of the young in the interpolation of numerous ossicles

in the form of division series between the IBr axillaries and the bases of the

original 10 arms, together with a reduplication in the number of the arms (see figs.

140, 142, 144, 146, 149, 151, 153. 155, 157, 159, p. 83; 166, 167, 168, 170, 172, p. 86;

174, p. 89; 1015, 1016, pi. 6; 1018, pi. 7; 1019, 1020, pi. 8; 1021-1023, pi. 9; 1024-

1026. pi. 10; and 1029, pi. 11).
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Proccsx of arm redupUcotion.

The original 10 arms are composed of numerous brachials and terminate in

a growing point, which continually adds new brachials, while in the adults there

are never more than four, and usually only two, segments in the second and

following division series. Obviously, therefore, the second and following division

series can not be formed by the branching of the growing point.

This leaves two possibilities the proximal pinnules may transform into

arms, or the original 10 arms may break off at the base, and from the stumps
division series bearing new arms similar to those lost may arise.

Pinnules have never been observed to transform into arms. It is true that

they may sometimes be replaced by arms, but in that case the supernumerary
arm is a true arm from its very first inception.

If the first pinnule did transform into an arm, thereby forming a division

series of two ossicles, the original first two brachials, it would necessitate the for-

mation upon it of an ambulacral groove with the lappets, tentacles, nerves, and

correlated structures, the conversion of the first brachial syzygy into a synarthry,
the transformation of the muscular articulation between the fifth and sixth

brachials into a syzygy, a radial change in the structure of the first inner pinnule,

now become the first outer pinnule of the inner arm, including the loss of the

ambulacral organs, and a radical change in the disposition of the syzygies through-
out the arm, as the syzygies are always farther apart and more irregularly dis-

posed in multibrachiate than in 10-armed species, or in 10-armed young. Similar

and even more extensive changes would be necessitated by the development of the

first inner pinnule into an arm to form a division series of four elements. Such

changes are morphologically impossible : and moreover they could not occur with-

out being readily traceable.

We are therefore compelled to accept the alternative hypothesis that the

original arms are cast off and from the stumps entirely new division series and

arms grow out to replace them.

It has been frequently observed in several different species normally or ordi-

narily 10-armed that if one arm be lost at the base, a pair of arms will regenerate
from an axillary growing out from the stump, and that these arms will eventually
become exactly like the others except for the somewhat greater intervals between

the syzvgies and the slightly shorter brachials.

Very exceptional in Antedon bifida, and, so far as we know, never occurring
in A. mediterranea or in A. adrintica, and reported but once or twice among all the

other macrophreate species, the tendency to develop additional arms after basal

fracture may be traced through easy stages in the Thalassometridae, Charito-

metridjfi, Calometrida?, Himerometridre, or Colobometridae, the percentage of fre-

quency of cases rising, species by species, until we find forms in which one or more
IIBr series are invariably found

;
and similarly there is no break in the chain be-

tween species having ordinarily from 10 to 15 arms and those having from 15 to 20

or 30. Indeed, certain individual species may cover almost this entire range, though
142140 21 Bull. 82 10
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FIG. 194. LATERAL VIEW OF SPECIMEN OF PONTIOMETRA ANDERSONI FROM SINGAPORE.



MONOGRAPH OF THE EXISTING CRINOIDS. 121

most forms are definitely and rather narrowly limited. From the 30-armed

species it is but a step to those with 40 arms, and so on up to the highest limit,

nearly 200.

The smaller arm numbers, up to 12 or 14, have long been conceded to be the

result of fracture and subsequent reparation. Since there is a continuous line

of species possessing all the intermediate arm numbers from 10 to about 200, the

conclusion, in the absence of evidence to the contrary, is logical that all the arm
numbers above 10 result from fracture and subsequent repair by division series

and paired or further multiplied arms, instead of by single arms resembling the

one lost.

I have examined a series of specimens of species of Crinometra including

practically every stage from the 10-armed young to the (usually) 30-armed adult,
and all of them were increasing the number of their arms by fracture and subse-

quent reparation. Similar complete series have been studied in Capillaster multi-

radiata, and in Comanthus parvicirra, and very numerous instances of intermediate

stages have come to my notice in other species distributed in almost all of the

multibrachiate genera, so that I have no hesitation whatever in making the

unqualified statement that any increase in the number of arms over 10 is exclusively

brought about by the casting off of one or more of the original 10 arms of the

young and the regeneration in its place of an axillary bearing two arms or further

division series and arms.

In many species, including all of those which never develop division series

further than the second, the original arm, which is usually lost at the brachial

synarthry, more rarely at the first brachial syzygy, is replaced by an axillary

bearing two arms only. This is the most primitive type of interpolated multi-

brachiate condition and is only a slight step in advance of the more or less acci-

dental assumption of additional arms, as seen in Antedon bifida a rare latent

tendency become common and of regular occurrence.

In the species which have more than 20 arms after the casting off of each

of the original 10 arms an axillary is formed on the stump from which imme-

diately grow, by so-called multiplicative regeneration, additional division series

to the full number, followed by free undivided arms to a maximum number of

nearly 20. Thus, no matter how large the number of arms in the adult may be,

autotomy never normalty occurs but once on each of the derivatives from the

IBr series.

The ossicle formed on the stump of a lost arm is always an axillary, and
it is joined to the stump by the type of articulation which originally united the

stump to the succeeding ossicle. Thus if the original arm was discarded at the

synarthry between the first and second brachials, as it most commonly is, the

resulting division series will be composed of two elements united by synarthry ;
but

if it be discarded at the syzygy between the third and fourth brachials, the result-

ing division series will be of four elements, of which the two outer are united

by syzygy that is, 4(3+4).
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As the number of arms increases, adolescent autotomy, by acceleration of

development, becomes a more and more fixed and fundamental character and

195

FIG. 195. LATERAL VIEW OK TYPE SPECIMEN OF OXYMKTRA FIXSCHII.

takes place at progressively younger stages. Thus whereas in the case of species
with less than lf> arms the adult size is reached before the loss of any of the
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original 10 arms, in species with 20 arms autotomy occurs when the original 10

arms are not much more than three-quarters of the length of the adult arms,
and in species with more than 40 arms much earlier. Thus in the species with

comparatively few arms the arms of the adults are often shorter than the arms

of the fully grown 10-armed young, and they may even be considerably shorter,

both absolutely and in proportion to the other dimensions of the animal. As the

arms increase in number the animals progressively decrease in the relative maxi-

mum size of the 10-armed young, and hence the arms of these 10-armed young
become absolutely shorter than those of the adults, the difference increasing pro-

portionately with the increase in the number of the arms. But, relatively, the

arms of the 10-armed young are always much longer than those of the adults;

and the greater the number of arms in the adults the shorter do they become in

reference to the diameter of the disk, and the more do they differ in that relation

from the arms of the 10-armed young.
The casting off of the arms in the 10-armed young of the multibrachiate

species does not occur simultaneously on all the rays, nor do the two arms of

a single ray drop off at the same time. The original arms are lost one by one,

and the adult arms are produced successively as the original arms fall off. Thus
a young multibrachiate comatulid passing from the 10-armed to the adult con-

dition always exhibits great diversity in the size of the newly formed division

series and arms, some being nearly or quite fulhr grown, while others are only

just beginning to form. I have not been able to ascertain the order in which

the arms are lost, or whether they are cast off in any regular order at all, as

material in regenerating stages has not yet been collected in sufficient quantity
to enable any opinion to be formed on the subject.

The method of the reduplication of the arms in the multibrachiate coma-

tulids by the peculiar and economically wasteful process of discarding the juvenile

arms at the brachial synarthry or at the first brachial syzygy, and subsequently

regenerating from the stump an axillary with sometimes additional division series

bearing two or more arms, each of which is in every way like the one which they

replace, was worked out by the present author as given in detail here. But I

afterwards found that Wilhelm Minckert in 1905 had arrived at exactly the same

conclusions by a somewhat different process of reasoning. P. H. Carpenter on

more than one occasion seems to have felt the possibility of the existence of such

a process, but he was never sure enough of his ground to permit himself to express
the idea in so many words; and it remained for Minckert, working on the Blake

material previously reviewed in part by Carpenter, first to show how the redupli-

cation of the arms in the comatulids is brought about.

Phyloyenetic sequence of the arms on each ray.

A very conspicuous characteristic of Lamprometra protectus and Pontiometra

andersoni (figs. 275-277, p. 213), well illustrated also in various other multibrachiate

species, is that the proximal pinnules on the outer side of the outer arms on each

postradial series exhibit the features distinctive of the species to a markedly
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greater degree than do the pinnules on the inner arms, which are of a more

generalized type.

Since the specialized specific characters are most pronounced on the outer arms

on each IIBr series, which thereby depart most widely from the primitive type,

it is a logical assumption that these outer arms represent a phylogenetical advance

over the inner arms. It has already been mentioned that they commonly bear an

additional axillary.

Further evidence of the advance in development of the outer arms over

the inner is found in the curious Comatula etheridgei (part 1, fig. 78, p. 131),
which may possibly be the young of C. rotalaria. In this species the outer arms

arising from each IIBr axillary are always much smaller than the inner and always
show evidence of undergoing rapid growth. Thus
in this form the outer arms are ontogenetically
of later development than the inner arms; and it

may be assumed that, maturing at a much later

period, they will exhibit any features character-

istic of the species in a more perfected form than

the inner arms.

Therefore, in 20-armed species with four arms

on each postradial series the evidence seems to

show that the two outer arms are more advanced

than the two inner (figs. 176, 177, p. 89).

In Lamprometra protectus and in Pontio-

metra andersoni, when 40 arms are present, eight

on each postradial series, it is noticeable that,

whereas the proximal pinnules on the outer side

of the outermost arms are the most developed,

those on the outer side of the innermost derivative

from each IIBr series are much more developed

than the arms between these and the outermost

arms (the intermediate 30-armed stage is shown
FIG. 196. LATERAL VIEW OF TYPE SPECI-

f -^g p gg\
MEN OF MARIAMETBA TUEEBCULATA. . . . . .

Tracing the relationship still further, it is

easily ascertained that while the phylogenetic status of the arms on postradial

series with four ultimate branches (the number 1 representing the most perfected

type) is

1 : 2 :: 2 : 1

and on postradial series with eight ultimate branches

1 :3 ::4 :2 :::2 :4 :: 3 : 1,

on postradial series with 16 arms it is

1 : 5 ::7 : 3 :::4 : 8 ::6 :2 ::::2 :6 :: 8 :4 ::: 3 :7 :: 5 : 1,

each group of four arms tending to act as an independent unit.
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In Heterometra and Craspedometra the phylogenetic sequence of the arms

appears to be reversed, and this coincides with the frequent occurrence in these

types of additional division series on the inner derivatives from each IIBr series.

While each of the arms in a comatulid is an exact counterpart of another arm

on the same ray, and the arms are therefore paired appendages in the strictest

sense of the word, they are not paired, except for the two arising from the IBr

series, with the arms on the same axillaries.

Ontoyenetwal, phylogenetical. and morphological sequence of the first brochial pairs and tlieir redupli-

cations.

The simplest arm structure found among the comatulids occurs in the genera

Thaumatocrinus, Pentametrocrinus, and Atopocrinus, in which the first brachial

pair immediately follows the radials and the

succeeding brachials are arranged in a linear

series.

Though this arm structure is theoreti-

cally the simplest, it is probably not the most

primitive, for in no other genera of the

Articulata does it recur, though many of

these genera are undeniably more primitive

than Thaumatocrimis, Pentametrocrinus^ and

Atopocrinus in all other ways. We have

here apparently a good example of simplifi-

cation through specialization.

The most primitive arm structure is

probably that of the 10-armed comatulids,

or more properly of those species in which

a IBr series is present, which is characteristic

not only of the majority of all the Articulata

but also of the young of all those which are

multibrachiate when adult. The funda-

mental significance of the presence of the

IBr series is further emphasized by the fre-

quency of its occurrence in the fossil types
not represented in the recent seas, especially

,, IT,, i-i- FIG. 197. LATERAL VIEW OF TIPE SPECIMEN OP
in the *lexibllia. MARIAMETRA MARGAEITIFEEA.

From the standpoint of the crinoids as

a whole, or of the Articulata as a whole, the occurrence of additional division series

of itself represents no phylogenetical advance, whatever may be its significance
within limited groups; the presence of one division series is as fundamental as

the presence of many. But the presence of additional division series is correlated

with the extreme atrophy of the calyx plates and the consequent relative increase

in the size of the visceral mass, both of which have an important phylogenetical

bearing.
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In a species having five division series, all interpolated, there are five repe-

titions of the first brachial pair, plus the first brachial pair itself, making six

homologous pairs of ossicles between the radials and the free arms from the

third brachial onward. These may be numbered I, II, III, IV, V, and VI, I

representing the IBr series and VI the first brachial pair.

Ontogenetically these appear in the order I, VI, II, III, IV, V, VI2

,
VI2

being the first brachial pair at the base of the adult free undivided arm, which

is an exact reduplication of VI at the base of the discarded larval arm.

If the simplest type of arm structure were also the most primitive the phylo-

genetical sequence of the pairs would be

TV, I, II, III, IV, V, F/2
,

since VI is invariably present, whether the others are present or not. But from

the all but invariable presence of I in addition to VI in the crinoid arm it is

probable that the actual phylogenetical sequence is the same as the ontogenetical

sequence, both being

I, F7, II, III, IV, V, VI2
.

Morphologically VI is always present. With the appearance of a gap between

the radial and the arm base as a result of the shrinking of the calyx the appear-
ance of V is necessitated, and subsequently also of IV, III, II, and I, so that

the morphological sequence is

F7, V, IV, III, II, I,

F/2
, being of the same morphological value as VI, not appearing.
The number of arms on each ray which would result from the presence of

the full complement of division series a rare condition beyond the IIBr series

and quite exceptional beyond the IIIBr series is, (no division series present),

1; IBr series, 2; IIBr series, 4; IIIBr series, 8; IVBr series, 16; VBr series. 32;
VBr series, 64; VIIBr series, 128; 5-rayed comatulids with these series as just

given would have the following numbers of arms: (no division series present), 5;

IBr series present, 10; IIBr series, 20; IIIBr series, 40; IVBr series, SO; VBr
series, 160

;
VIBr series, 320

;
and VIIBr series, 640.

BRACHIALS OF THE FREE UNDIVIDED ARM REYOXD THE FIRST PAIR.

In the free undivided arms of the comatulids the first two brachials, which

together, as previously explained, form a single unit, are immediately followed,

excepting only in the Pentametrocrinidse (fig 126, p. 79) and in Atopocrinus

(part 1, fig. 227, p. 245), by a second pair of much shorter brachials invariably
united by syzygy, just as the first two are united by synarthry (fig. 128, p. 79) ;

then comes, except in the Atelecrinidse, a series of short wedge-shaped brachials

which are commonly about twice as wide as the median length; after usually
between the ninth to the twelfth the brachials typically become triangular and
about as long as broad (fig. 233. p. 193), after the end of the proximal third or
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fourth of the arm gradually and slowly becoming wedge-shaped again, as a

result of decreasing obliquity of their ends, and slowly increasing in proportionate,

though not in actual, length, correlative!}' with their gradual decrease in diameter,
so that the terminal brachials are much longer than broad, more or less strongly
constricted centrally, with their ends almost or quite at right angles to the longi-
tudinal axis of the arm.

The distal edges of the brachials following the first syzygial pair are more
or less produced and are

commonly bordered with

spines, which are usually

very fine, but which may be-

come much elongated. On
the proximal wedge-shaped
brachials this production of

the distal edges stands out

at right angles to the longi-

tudinal axis of the arm, and

if very prominent it may be

accompanied by a similar,

though lesser, production of

the proximal edges. As the

brachials become elongated
the latter, if present, dis-

appears, and the produced
distal edges gradually lean

more and more toward the

arm tips, so that they over-

lap more or less the bases of

the succeeding brachials (fig.

1140, pi. 22). W//M*' // IV I

Usually the dorsal sur- ^UffH /////
face of these brachials is

smooth, but in certain species

of Thalassometridee, and

very rarely in other types,

they may carry numerous

fine spines. On the wedge-

shaped proximal brachials these spines are thickly massed in a broad band and

show no definite arrangement, but as the brachials elongate the broad band grad-

ually resolves itself into a triangle, of which the base is the dorsal portion of the

distal borders of the brachials and the apex lies in the mid-dorsal line near or at

the middle of the proximal border, while the spines themselves gradually come
to arrange themselves in rows parallel to the longitudinal axis of the arm.

FIG. 198. LATERAL VIEW OF SPECIMEN OF PETASOMETEA CLAR.E.
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In a number of species, especially in the Ptilometrinse, the brachials carry

in the mid-dorsal line a prominent raised keel. On the proximal wedge-shaped
brachials this keel is of uniform height, but as the brachials increase in length

the distal outer portion becomes higher and higher and the proximal portion lower

and lower, so that a high triangular overlapping spine results, the base of which

coincides with the mid-dorsal line of the brachial which bears it, while the apex
lies more or less beyond the level of the proximal end of the succeeding brachial.

The differences between the elements of the first brachial pair and the

brachials following the first syzygial pair have already been considered. The

wedge-shaped proximal brachials commonly are more or less intermediate in

their characters between the first brachial pair and the first syzygial pair and

the brachials beyond the latter, though always much more like the distal brachials.

Distributed throughout the arm among the brachials of the usual type are

pairs of brachials united by syzygy. In the proximal portion of the arm these

syzygial pairs are always somewhat higher than single brachials, and in some

cases are twice as high, so that both the hypozygals and the epizygals are indi-

vidually approximately the equals in size of the ordinary brachials: but distally

both the hypozygals and the epizygals gradually decrease in relative height, so that

finally in the outer part of the arm the syzygial pairs come to have quite the

appearance and size of ordinary brachials.

In species in which the distal edge of the brachials is strongly produced into

an overlapping and spinous distal edge or other form of eversion, or in which the

brachials bear dorsally a prominent spine, the hypozygals of the syzygial pairs

show a similar though less prominent modification at the line of syzygial union :

but distally this modification of the distal edges of the hypozygal gradually de-

creases, so that in the outer part of the arm the distal edge of the hypozygal is

quite unmodified.

In the very young, as in regenerating arms or at the growing arm tips, the

elements of the pairs which are later to become united by syzygy are in no way,
either through shape, size, or method of articulation, to be differentiated from the

other brachials. This differentiation is effected at a comparatively late stage of

brachial development.
In all of the more primitive comatulid types, in nearly all of the 10-armed

species, and in the 10-armed young of the multibrachiate forms, the syzygial pairs

are regularly spaced, alternating with single brachials or, usually, separated by
from two to four of them, the number being definite for each species. In the

proximal portion of the arm the first syzygy is between the third and fourth

brachials, the second between the ninth and tenth, and the third between the four-

teenth and fifteenth, or, much less commonly, between the fifteenth and sixteenth

(fig. 1018, pi. 7). In the outer part of the arm the number of brachials of the

ordinary type between successive syzygial pairs is more or less correlated with the

size of the species, very small species commonly having the syzygial pairs sep-

arated by single brachials, larger species having them separated by two or three

brachials, and the largest species having three or four brachials between the

syzygial pairs.
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Three somewhat anomalous departures from the usual type of brachial struc-

ture deserve to be noticed here.

In Atelecrinm (part 1, figs. 123, p. 192, and 124, 125, p. 193) and in Atopo-
crinus (part 1, fig. 227, p. 245) the series of wedge-shaped or more or less oblong
brachials which typically intervenes between the first syzygial pair and the triangu-
lar brachials beyond the second syzygy is

absent, and the brachials assume the tri-

angular form immediately beyond the

second.

In the Pentametrocrinidw (part 1, figs.

113, p 181, 119, p. 185) and in Atopocrinus
the first syzygial pair is separated from the

first brachial pair by a single brachial.

Both of these departures from the nor-

mal type of brachial structure are probably
correlated with the excessive length and con-

sequently very rapid growth of the arms.

In .most of the species of Crosso-

nietra, Penssometra, and Pachylometra the

eleventh, twelfth, or thirteenth brachial is

usually sharply differentiated from the

brachials preceding and succeeding by be-

ing regularly oblong with its proximal and
distal articular faces parallel to each other ;

the transverse ridges on these articular

faces, however, alternate as usual.

BRACHIALS OF THE ARMS OF THE MULTIBRACHIATE
SPECIES.

FIG.

199

199. LATERAL VIEW OF SPECIMEN OF
COTYLOMETBA OBNATA.

In the multibrachiate comatulids (figs.

241, 243, p. 197, 244-252, p. 199 and 253-261,

p. 205) the free undivided arms differ from
those of the 10-armed species (figs. 236-240

[also 242], p. 197) and the 10-armed young
of the multibrachiate types in being com-

posed of shorter brachials which have the

ends less oblique and are consequently

wedge-shaped instead of triangular, and in having the syzygial pairs less numerous
and less regularly distributed.

Speaking broadly, it may be said that a species with 20 arms has the brachials

shorter than one with 10 arms, and wedge-shaped instead of triangular; a species
with 40 arms has the brachials still shorter and less obliquely wedge-shaped ; and a

species with more than 60 arms has this character still more pronounced. But
while all the multibrachiate species have the brachials shorter and more wedge-
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shaped than 10-armed forms, the shape of the brachials is not always strictly pro-

portionate to the number of the arms.

The chief exceptions to the broad generalization that the larger the number
of arms the shorter and more wedge-shaped the brachials arc the following:

CapUlaster multiI'ad-'uita (fig. 261, p. 205) rarely has more than 20 arms, yet the

brachials are extremely short and discoidal, quite as short as, and frequently shorter

than, those of the larger ('. sen-

tosa (fig. 258, p. 205), in which
tlic1 arms are much more nu-

merous: but individual variant-

occur in which the brachials are

of the shape normal for 20-

armed species.

On the other hand, the

species of .\<'tnst,'r (fig. 243,

p. 197) and Neocomotrtla have
the brachials rather long for

multibrachiate species. .

In the species of the 10-

armed genus Amphimstra (fig.

259, p. 205) the brachials are ex-

tremely short and narrowly ob-

long in dorsal view, in this

agreeing with the brachials of

several species of the closely
allied genus Flettrometra, in

which there are fewer than 20

arms.

A striking characteristic of

many of the species of Hetero-

metra is the irregularity of the

number of arms on the differ-

ent rays, indicating a marked

instability in the arm division.

Apparently in correlation with

this, individuals are frequently
met with in which the forma-
tion of additional arms is tak-

ing place after the full size has been reached, indicating an exceptionally strong
latent tendency toward increase in the number of arms. As has been mentioned,
there is commonly an additional axillary on the inner branches from each II Br
series. P

3 is the longest, and is usually best developed on the inner arms. All of

these features, as well as the very short brachials, appear to suggest that these

species are descended from others in which the arm number was much greater and
the arm structure approached that seen in the genus Himernmctra (fig. 260. p. 2051.

PIG. 200. LATERAL VIEW OF SPECIMEN OF NEOMETRA DIANA.
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Heterometra phittberti, which has very numerous arms with very short brachials

and all the division series except the first 4(3+4), and II. crenulata, which also has

very numerous arms composed of very short brachials, possibly approach more or

less closely the type originally characteristic of the genus. But most of the species

of Heterometra, like those of Craspedometra (part 1, tig. 85, p. 139), Himerometra
and Homalometra, fall within the broad generalization.

Thysanometra tenelloides, though having only 10 arms, has the brachials very
short and wedge-shaped proximally, becoming narrowly oblong in dorsal view

distally. The syzygial pairs, however, are distributed as in normal 10-armed types.

In the very large species of the Heliometrinse and in broad-armed species of

the Comasteridse (figs. 242, p. 197, and 256. p. 205) the brachials show a tendency to

shorten and to approach the type of brachial typically found in species with IIBr

series.

In arms arising from a IIBr or later division series the syzygial pairs are less

frequent than in arms arising from the IBr series; the first syzygial pair, between

the third and fourth brachials, is always present, the second is usually absent, the

third is more or less variable in position, and the distal are separated by from four

to six or seven or more brachials; often, indeed, they maj' be separated by long

intervals, and sometimes they may be almost completely lacking. Thus in a speci-

men of Cenometra ~bella at hand, while the first syzygial pair is in all cases present,

there may be no others in the arm. If there be a second it is composed of the

forty-second and forty-third brachials (twice), forty-third and forty-fourth, forty-

fourth and forty-fifth, forty-eighth and forty-ninth, fifty-fifth and fifty-sixth, or

ninety-first and ninety-second.
In this connection it is interesting to note that in the Pentametrocrinidae and in

Atelecrinus the distal intersyzygial interval is greater than that usual for 10-armed

species, and also less regular, being from one to six brachials, usually from

two to five.

ARM TIPS.

The comatulid arm ordinarily ends in a growing tip which is slowly adding
new brachials, together with the accompanying pinnules (fig. 288, p. 221). The

terminal 12 or 15 pinnules, therefore, are progressively less and less mature and

decrease gradually in length, the outermost being represented merely by a bud.

In the adults the rate of growth of the arm is exceedingly slow, and the same

is true of the terminal pinnules, which retain their relative proportions after all

growth has practically ceased.

In the species of Calometridae and Ptilometrina? (part 1, fig. 46, p. SI),

especially well illustrated in the latter, the arm ends abruptly with half a dozen

very short crescentic brachials, this abortive tip being recurved and more or less

concealed between the outer pinnules. The terminal pinnules, like the terminal

brachials, decrease very rapidly in length, so that the subterminal pinnules exceed

them and when the pinnules are closed together reach several millimeters beyond
the arm tip giving the arm the appearance of having been broken off. A greater
or lesser approach to this condition is seen in the Tropiometridse (fig. 291. p. 221)
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and in the species of those genera of Thalassometrinse in which the arms are

relatively short, as for instance Stenoinetra and Daidalometra.

The abruptness of the distal termination of the arms seems to bear a more or

less definite relation to their relative length, and to have no other significance.

Species with very long and slender arms have the arm tips tapering very slowly
and the pinnules decreasing in length very gradually, but in species with short and

robust arms the arms terminate very abruptly and the terminal pinnules decrease in

length very rapidly. A considerable difference in this respect is noticeable be-

tween Antedon adriatica and A. petasus within the same genus.
Even in the Ptilometrinte and Calometridse where the abruptness of the

termination of the arms reaches an extreme it is a character assumed at a relatively

late stage and is never indicated in the 10-armed young, or in the young of

10-armed species before they are at least half grown.
The posterior arms of the Comasteridte when ungrooved are peculiar in

ending definitely in an axillary ossicle which bears two distal pinnules, one on

either side (fig. 1034, pi. 12, and part 1, fig. 47, p. 81).

PINNULES.

General features.

The pinnules of the comatulids are of three types, each type occupying a

definite location on the arm and being, in its perfected form, entirely distinct

from the other two (figs. 281, 282, p. 215, and part 1, fig. 1, p. 60). The first

type is usually somewhat sharply differentiated from the second, though in many
of the higher forms there is more or less intergradation. The second type always

changes more or less gradually over into the third.

These three types are:

(1) The Oral or Proximal Pinnules; these occur on the first two to twelve

brachials (figs. 262-273. p. 207: 274. 277-280, p. 213; figs. 281-287, p. 215), and their

function is to serve as tactile organs (fig. 277, p. 213). or to protect the disk (figs.

270,271,273, p. 207).

(2) The Genital or Middle Pinnules; these follow the oral pinnules and bear

the gonads (figs. 281 282 p. 215).

(3) The Distal Pinnules; these occupy the outer part of the arm and serve

chiefly as food collecting organs (figs. 281, 282. p. 215).

In life the oral pinnules, when flexible, are bent forward and downward, so

that they form a sensitive network over the disk (fig. 1044, pi. 12). If rigid they

extend inward and more or less upward so that the disk is roofed over by a strong

network from which sharp points protrude. The oral pinnules on each arm are

always parallel to each other, and only move in a plane parallel to the dorso-

ventral plane of the arm.

The lower genital pinnules on either side of the arm are in parallel planes

and extend outward more or less at right angles to the arm with their distal

portion usually curved broadly upward toward the arm tip, but the succeeding

genital pinnules begin to lean outward, and this step by step increases until the
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outer genital pinnules, like the distal pinnules, lie horizontally in a plane at right

angles to the dorsoventral plane of the arm (fig. 1071, pi. 16).

The genital and distal pinnules can be folded inward until they almost or

quite meet and then laid back along the arm so that they form a covering over

the soft ventral surface.

Pinnules always occur on the opposite sides of succeeding brachials, so that

they alternate regularly all along the arm (fig. 1030, pi. 12). They never occur on

the hypozygals of syzygial or of

synarthrial pairs, nor upon
axillaries.

Usually the pinnules taper

gradually, slowly, and evenly
from the base to the tip, but in

certain species in which the

adambulacral plating is highly

developed, as in the species of

Ptilometrinte and Calometridse,

they may end abruptly with

a few small segments much as

the arms do in the same types

(figs. 351-593, pp. 235-303).
In viewing a single arm of

almost any 10-armed species
with the pinnules extended,
the elongate oral pinnules are

seen to be very conspicuous, and
the change from these to the
short lower genital pinnules is

very abrupt. The following
genital pinnules slowly increase
in length until the lower distal

pinnules are reached, after

which the same length is usually
maintained Until near the end FIG. 201. LATERAL VIEW OF SPECIMEN OP CALOMETRA SEPARATA.

of the arm. when the length de-

creases with more or less rapidity, so that the distal end of the arm is more or less

broadly rounded. The slenderness and delicacy of the pinnules and their very con-

siderable number give the arms much the appearance of delicate feathers (figs.

262-287, pp. 207, 213. 215).
As a general rule, the pinnules of the oligophreate species (figs. 262-280, pp.

207, 213; 283-285. p. 215) are shorter and stouter than those of the species of the

Macrophreata (figs. 281, 282. 286, p. 215).

Proportionately with the increase in the number of arms the length of the

pinnules decreases, so that in the highly multibrachiate forms they are usually

relatively very short (figs. 270-273. p. 207; 274-277, p. 213).
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In the Ptilometrinro and in the Calometridse, as well as in the short-armed

genera of the Thalassometrinai, the arms end very abruptly with sharply recurved

tips, and the terminal pinnules decrease in length very rapidly, so that the sub-

terminal pinnules extend for some distance beyond them (figs. 277, p. 213; 285,

p. 215: and part 1, fig. 46, p. 81). Thus when the arm is extended the tip shows

a broad V-shaped gap, with a blunted apex resting upon the subterminal brachials.

The first two segments of the middle and outer pinnules, and often also of

the proximal pinnules, are always
shorter than those following (figs.

1059, 1063, pi. 14). The first is

usually between two and three

times as broad as long and more

or less crescentic in outline; the

second is trapezoidal, usually
about as long as the proximal

(greater) width.

It is at, the well-developed
articulation between these two os-

sicles that the flexion and exten-

sion of the pinnules takes place.

In some forms, more especially in

the Oligophreata, a considerable

amount of motion may be possible

between the more distal pin-

nulars, but usually these articula-

tions are semirigid, and in cer-

tain types, as the Ptilomet rinse,

( -alometridae, and many of the

Thalassometrinse and Charitome-

tridse, quite rigid. Motion be-

tween the pinnulars following the

second slowly increases in extent

toward the pinnule tip, and the

last four to six or more segments
are always movable even if the

rest of the pinnule be rigid.

The first two pinnule seg-

ments are subject to but very slight variation in form, and their size in comparison
with the brachials which bear them is always approximately the same. Therefore

if the pinnules as a whole are very slender, as in most of the Macrophreata, they

appear disproportionately large (fig. 1063, pi. 14), not because they have actually

increased in size but merely because they have retained their normal and original

dimensions while the diameter of the segments following has decreased.

FIG. 202. LATERAL VIEW OF SPECIMEN or PECTINOMETBA
CARDUCM.
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If the third and following pinnulars have strongly projecting or spinous distal

ends or a spinous dorsal surface, or if they are greatly elongated, or greatly attenu-

ated, or very short, or even if they are sharply triangular with a knifelike or

spinous dorsal keel, the first two pinnule segments always remain practically

unchanged. Their correlation is not with the succeeding pinnulars, but with the

brachials, and therefore any variation in them is quite independent of the condi-

tions in the other segments.
The third and following pinnulars gradually increase in length, at the same

time gaining in individuality, and the pinnule finally terminates in a definite tip

(fig. 345, p. 229). As in the case of the brachials, and especially of the cirri, when
the outer pinnules are greatly elongated their ends tend to become swollen so that

they often develop greatly expanded articulations.

The distal ends and the dorsal surface of the first two pinnule segments are

always smooth, and the same may be true in regard to all the other segments.
Almost always, however, the distal edge of the third and following segments is

more or less everted, overlapping the bases of the succeeding segments, and finely

spinous (fig. 325, p. 227). This character is least marked on the third segment, and

gradually increases in prominence distally, as a rule coincidently with the develop-
ment of fine spinelets on the dorsal surface of the segments. The extent of the

occurrence of spines on the distal ends and on the dorsal surface of the pinnule

segments (excepting usually those of the oral pinnules) is strictly correlated with

the exactly similar development of spines on the distal edges and on the dorsal

surface of the brachials, so that species with smooth arms have smooth pinnules,
and species with spinous brachials have spinous pinnule segments. The spinosity
of the segments of the oral pinnules is correlated with the condition of the division

series and first brachial pair, and not with the condition of the outer brachials.

The two to four terminal pinnule segments are always armed dorsally with

from two to six or eight or more recurved hooks (figs. 351-593, pp. 235-303), and

part 1, figs. 48-52, p. 81), no matter how smooth the rest of the pinnule may be.

These reach a maximum development in the Comasteridffi, especially in the sub-

family Comasterinse (figs. 351-363, p. 235, 364-371, p. 237, 372-385, p. 243, 387-389,

397, p. 245, 414-421, p. 255, 422, p. 257, and part 1. figs. 51, 52, p. 81), and give to

many of the species in that family, as is well illustrated by Comfinthus sa?noana,

and by many of the species of Com/aster, a characteristically rough or dry feeling.

The stiffening of the pinnules, as seen in the oral pinnules of very many
oligophreate species (figs. 270, 271, 273, p. 207), and in all the pinnules in the

Calometridse and PtilometrinEe (figs. 280, p. 213, and 285, p. 215), and in most of the

ThalassometrinsB (figs. 283, 284, p. 215) and Charitometridse, comes about through
the reduction of the bevel on either side of the transverse ridge of the articulations

which limits the possible motion. In spinelike pinnules, such as the oral pinnules
of Stephanometra (fig. 273, p. 207), the two halves of the joint face on either side

of the median ridge lie in the same plane, thus rendering the pinnule rigid, as all

intersegmental motion is prevented. Conversely the enormous flexibility seen in

the oral pinnules of the Comasteridae and Heliometrinse (figs. 544-546, p. 289), and

142140 21 Bull. 82 11
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of Coccometra and Thysanometra, results from the shortness of the many component

segments, combined with the very strong bevel of their articular faces on either

side of the fulcral ridge, these two features causing the pinnulars to appear hex-

agonal in dorsal view or, if they are very short, rhombic.

In many of the species of Comasteridse the pinnules on the arms arising from

the posterior rays, and often also on more or fewer of the arms arising from the

other rays, lack the ambulacral grooves and associated structures (fig. 1037, pi. 12).

This is also true of the genital pinnules on all of the arms in certain species of

Charitometrida) (figs. 1055, 1057, 1058, pi. 14).

A curious condition occurs in Comatulella brach-iolaf-a (pi. 50. fig. 1332). All

of the arms possess ambulacral grooves, but in the proximal portion of the arms

single pinnules, or groups of two or sometimes of three, occur without grooves, and

in the outer part of the arms occasional grooveless pinnules are found which are

at once recognizable because of their greater stoutness. These grooveless pinnules
are capable of being coiled dorsally, and they are commonly found wrapped about

the organism to which the animal is clinging, quite after the manner of cirri.

The pinnules of the macrophreate species are always cylindrical, and circular

in section or slightly flattened and more or less elliptical; but among the oligo-

phreate forms there is always a tendency to develop a longitudinal ridge along the

outer surface just distal to the median line. In the Calometridse (figs. 336, 339,

p. 229), Thalassometridffi (figs. 337, 338, 343, 344, 350, p. 229), and Charitometridse

all the pinnules are affected and have assumed a strongly prismatic form and tri-

angular cross section (fig. 659, p. 329, and part 1, fig. 54, p. 81), with a sharp median

ridge which may be more or less serrate. In the Tropiometridse the oral and genital

pinnules are more or less prismatic, but not the distal, while in the other families

only the oral pinnules are modified, and these as a rule only slightly, showing a

tendency to develop long processes or spines on the distal ends of the segments at

the angles of the prism (fig. 315, p. 227), a ridge on the earlier pinnulars (figs. 267.

268, p. 207), or, in the Comasteridse. a terminal comb formed by the elongation of

one or both of the basal angles of the prism (figs. 594-657, pp. 309-327, and part 1,

figs. 56-58, p. 83, and 59, 60, p. 85).

In the comatulids with 10 or more arms in which one or more division series

are present, and in those forms with undivided arms in which there are no IBr

series, the pinnules are arranged in pairs beginning with the first, so that the char-

acter of the pinnule on the second brachial is repeated in the first pinnule on the

other side of the arm, the character of the pinnule next above the first on the outer

side of the arm is repeated in the second pinnule on the inner side of the arm, and

so on. With the gradual loss of individuality in the genital pinnules this paired

arrangement becomes less evident, and there is no trace of it whatever in the distal

portion of the arm where exactly similar pinnules follow each other alterntitingly

to the arm tip.

In the genus Eudiocrinus, in which there are but five arms, though
IBr series are present, the first pinnule takes the place of the additional arm
in the 10-armed forms (part 1, fig. 83, p. 136). The next pinnule, on the

other side of the arm, is the first pinnule of the 10-armed species; but this pin-
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nule always agrees with the pinnule on the IBr2 in character, just as the pinnules
on the second element in division series of 4(3-f-4) always agree with the first

203

Kio. 203. LATERAL VIEW OF SPECIMEN OF PTEEOMETBA TBICHOPODA FROM " ALBATBOSS " STATION 5179.

pinnules of the free undivided arms. The following pinnule, however, just above

the pinnule on the IBr
2 ,

is always very different, and its characters are repeated
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on the next pinnule on the opposite side of the arm, the pinnule corresponding to

P2 in other forms. Thus the arrangement of the pinnule pairs in the genus Eudio-

crinuft is just the reverse of what it is in the other comatulids, P, being unique in

its structure when compared with the other pinnules succeeding, and the pinnule

pairs consisting of Pa and P,, P& and Ps ,
Pc and P,, etc., instead of consisting of

P, and Pn . P2 and P&, P 3 and Pr ,
P

4 and P,/, etc. But if we disregard the arm struc-

ture of Eudiocrinus and consider only the pinnules, we see an arrangement identical

with that on the free undivided arms of other types, for Pc agrees with P
t ,
P with

P
2 , P,, with P3 ,

and so on. Thus the pinnulation in Eudiocrinus is that of a normal

undivided arm and is quite independent of the unique arm structure.

In many of the multibrachiate comatulids, well illustrated in Pontiometra
anderson! (figs. 275-277 p. 213) and in Lamprometra protectits, the proximal

pinnules on the outer side of the outer arms arising from each radial are much
more developed than the pinnules on the inner arms and on the inner side of

the same arms, though their general characteristics are the same. In 20-armed

species only the lower pinnules on the outer side of the outer arms are enlarged,
but in 40-armed types a similar, though not quite so marked, enlargement of the

pinnules on the outer side of the innermost derivatives from each of the IIBr
series also occurs, and in species with a great number of arms the pinnules on

the outer side of the outer arms of each group of four are enlarged, this enlarge-
ment diminishing in degree toward the inner part of the ray according to the

scheme given on page 124.

In the ontogeny of the comatulids pinnules first appear at the tip of the

growing arm after the arm has reached a considerable length (figs. 1204, pi. 33;

1207, 1210, pi. 34: 1217-1219, pi. 35). P
t

is not formed until after from two to

half a dozen or more of the outer pinnules have reached a considerable size, and

the pinnules of the fourth and four or five following brachials not until after

P! is relatively well developed (fig. 1220. pi. 36).

Deficient pinnulation in the proximal portion of the arms is characteristic

of many species. In some it is constant and invariable, in others more or less

inconstant, while in still others it only occurs sporadically.

In the Comasteridse the species of the genus Comatilia (figs. 183, p. 98,

and 2G4. p. 207) lack the second, third, and fourth pairs of pinnules, though the

pinnules of the first pair, P, and P
,
are present and highly developed. This

condition is quite comparable to that of the young after the development of P
,

and may have arisen through a sudden arrest in pinnule formation.

In the genus Atelecrinus there are no pinnules on the first 10 or 12 brachials.

In this genus the arms are very closely appressed, and the formation of pinnules
on the lower brachials is thus prevented. In the allied Atopocrinus (part 1,

fig. 227. p. 245), in which there are only five arms, all the pinnules are present.

In Thaumatocrinus (part 1, figs. 115, 116, 118, p. 183) the first pinnule is

always on the second postradial ossicle, but in nearly all the species of the closely

related Pentametrocrinus (part 1, figs. 120, p. 187, 121, p. 189; exception, fig.

119, p. 185) the lowest pinnule is on the fifth brachial; that is, on the epizygal of

the first syzygial pair, the normal first pinnule being absent.
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In Balanometra of the Zenometrinse and in flypalometra (fig. 297, p. 221)

of the Perometrinse Pj and P are absent. In both these genera the arm bases

204

TIG. UG4. LATERAL VIEW OF ESPECIALLY WELL-DEVELOPED SPECIMEN OF PTILOMETRA MtLLERi FROM SYDNEY,

NEW SOUTH WALES.

are very closely pressed against each other. In the outer arms arising from IIIBr

axillaries in Cyllometra P, and Pa are absent, as also on the inner arms in

Epi/netra. Both of these genera belong to the Colobometridfe.
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In Erythrometra of the Perometrinae and in C'yllometra, Colobometra, Pro-

metra, and Decametra of the Colobometridse P is always absent. It is always
absent in Perometra diomedea:, but not in the other species of that genus. It is

frequently absent in the species of Cotylometra and occasionally in certain species
of Oligometra. In most cases its absence seems to be related to a close crowding
of the arm bases.

Oral of proximal pinnules.

The oral pinnules vary from 1 to 12 in number, but most commonly there

are from 2 to 6; that is, from 1 to 3 pairs. They occur upon the second and
fourth brachials and sometimes upon one or more of those following. When
division series of four ossicles arc present (figs. 123, p. 79; 171, p. 86; and

part 1, fig. 81, p. 134), or when the second element of the IBr series is not

axillary (fig. 189, p. 109, an part 1, fig. 83, p. 136), the pinnule of the second

brachial is repeated upon each reduplication of this ossicle. When the division

series consist of three ossicles, as in the genera Capillaster (fig. 181, p. 94) and

Nemaster, the pinnule of the second brachial is always repeated upon the first

of these.

Apparently the oral pinnules are morphologically associated with the first

brachial and first syzygial (second brachial) pairs of ossicles in the free undivided

arms, and we find them exclusively so associated in most of the Macrophreata.
But in a few of the most highly specialized macrophreate forms (figs. 292-294,

301, p. 221) and in most of the Oligophreata (figs. 268-273, p. 207) the pinnules
of a few of the brachials immediately following the first syzygial pair have

become oral in character.

The oral pinnules are differentiated from all the other pinnules of the arm

by the absence of the ambulacral groove and associated structures, combined with
a marked specialization whereby they have become transformed into tactile organs
(figs. 277, p. 213, and 1044, pi. 12). or into organs of defense (figs. 270. 271, 273,

p. 207). They take no part in the collection of food, nor do they ever bear gonads.
In the Macrophreata the oral pinnules are almost invariably of a single type

(figs. 289, 290, 292-296. 298, p. 221), and usually there are only two of them,
P

t
and P , sometimes only one. Pj (fig. 289, p. 221). They are commonly much

elongated with very numerous segments, of which the earlier are more or less

beveled on their articular faces, in dorsal view cut away at the corners, thus

giving great flexibility, and serve as tactile organs. In life they are bent down-

ward, forming a close and sensitive network over the disk. If one of them
be touched the arms immediately curl up, protecting the disk still further.

The extreme specialization of the first pair of pinnules in the direction of

purely tactile organs is seen in the genera Hathrometra (fig. 289, p. 221), Tricho-

metra, Compsometra (fig. 296. p. 221, and part 1, fig. 107, p. 173), and Antedon

(figs. 1040, 1044, pi. 12, and part 1, figs. 103, p. 165; 104, p. 167; 105, p. 169; and

106, p. 171), as well as in the oligophreate genus Pontiometra. In these genera

they are from two to eight times as long as the following pinnules and exceedingly
flexible, with from 20 to nearly 100 segments. Essentially the same conditions
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are found in Leptometra (fig. 370, p. 237), though here two pinnule pairs are

involved instead of only one.

In the Pentametrocrinida (fig. 286, p. 215, and part 1, fig. 113, p. 181; 119,

p. 185; 120, p. 187; and 121, p. 189), Thysanometrinte (figs. 282, p. 215, and 378,

p. 243). and Heliometrinse (figs. 292-294, p. 221) all the pinnules are much elon-

gated, and the oral pinnules, including the first pair only in the Pentametro-

crinidae and Thysanometrinse, but the first two to six pairs in the Heliometrinse,

Fio. 205. LATERAL VIEW OF YOUNO SPECIMEN OF PTILOMETBA MACBONEMA FROM SOUTHWESTERN ADSTEALIA.

are but little, when at all, longer than those following. They are composed of

very short segments, with the corners so cut away that they appear hexagonal
in lateral view, and are exceedingly flexible, contrasting strongly in this respect
with the less mobile succeeding pinnules.

In the species of the genera Perometra (fig. 319, p. 227), Erythrometra,

Toxometra, Eumetra, Iridometra (fig. 301, p. 221), Andrometra, and Dorometra
the pinnules of the first pair are tactile in character, though shorter than usual,
but the pinnules of the second and sometimes also of the third pair are much

enlarged and stiffened, in life projecting outward over the disk and forming a
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close spiny covering above it in addition to the sensitive network of flexible

tactile pinnules just beneath.

There are no oral pinnules in the genera Atelecrinus and Hypalometra (fig.

297, p. 221). In most of the species of Pcntametrocrinus Pj is absent.

In the species of Batliymetra the oral pinnules are greatly reduced.

Whereas in the Macrophreata the tactile function of the oral pinnules is pre-

dominant and there is usually only a single pair present, in the Oligophreata the

protective function is predominant, commonly combined with the tactile in various

ways, and there are usually two or three pairs present, and may be as many as eight.

The oral pinnules of the Comasteridse are very curiously specialized. They
are long and slender, very flexible, at least in the outer portion, and are composed
of from 20 to 60 (usually of between 30 and 40) segments, most or all of which are

about as long as broad.

The terminal 6 to 30 (most commonly from 15 to 20) segments have their distal

outer margin produced into a thin calcareous plate, curved slightly inward and

basally constricted, being shaped like an arrowhead or spade, which is usually about

as high as the diameter of the segment which bears it, but sometimes considerably

higher. Occasionally the inner margin of the segments is produced in the same

way, as in the genus Nemastcr. These plates collectively form what is known as

the terminal comb (figs. 594-657, pp. 309-327, 1072-1082, pi. 17, and part 1, figs.

56-58, p. 83, and 59, 60, p. 85).

The terminal comb in its perfected form is confined to the species of the

family Comasteridje, but a somewhat similar though much less developed structure

is found in Florometra (figs. 1053, 1054, pi. 13), Solanometra, Anthometra and

Promachccmnus, and is occasionally indicated in Heliometra (figs. 545, 546, p. 289).

The terminal comb is primarily restricted to the oral pinnules, but sometimes

extends for a greater or lesser distance onto the genital pinnules, and in the species

of Comaster (fig. 263, p. 207) is even found at intervals on the distal pinnules to

the arm tip. In these cases, however, it is only upon the proximal pinnules that it

is found in the highest state of development; farther out on the arm fewer and

fewer segments are involved in its composition, and the teeth become as a rule

gradually less and less perfect.

The function of the terminal combs is not known. Long ago Peron observed

that the arms are frequently bent inward toward the disk, and this observation

led Lamarck to suppose that the food of the comatulids was captured by the distal

pinnules and conveyed by them to the opening in the middle of the large conical

elevation on the disk, which he supposed was the mouth. Some years ago I sug-

gested that as myzostomes and other parasites are extremely rare upon the arms

of the comasterids, this action may be for the purpose of bringing the outer portions

of the arms and the outer pinnules within reach of the terminal combs on the

proximal pinnules and by means of the latter removing foreign objects from

them. Dr. H. L. Clark has also noticed that the arms of the comasterids more or

less constantly, but irregularly, bend inward toward the mouth, the tips just

brushing the disk and arm bases, but he supposes this is done "to prevent the

ciliated grooves from becoming clogged up."
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Comblike structures of independent origin are of frequent occurrence and
wide distribution in the animal kingdom. The closest parallel to the combs in

FIG. 20G. LATERAL VIEW OF TYPE SPECIMEN OF ASTEROMETKA MIRIFICA.

the Comasteridse is probably to be found in the pectinate pedicellariae of certain

starfishes of the family Benthopectinidse, while the individual teeth are closely
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simulated by the teeth in the pedicellarise of many echinoids and a few starfishes.

But there is no reason to assume a direct genetic connection between these struc-

tures. A comblike arrangement of processes occurs in certain worms, on the

mandibles and other appendages of many crustaceans, on the posterior legs of

certain spiders, on the anterior legs of the male of the fruit-fly (Drosophila), on

the antennae of many insects, particularly among the Coleoptera and Lepidoptera,
and on the middle toe of certain goatsuckers of the family Caprimulgidse.

On the undivided arms the species of Comasteridse commonly possess two pairs

of true oral pinnules (figs. 262, 265, p. 207), succeeded by a pair of pinnules inter-

mediate between oral and genital pinnules, though nearer the former.

Comatilia, which is the only comaterid with deficient pinnulation, has only a

single pair (fig. 264, p. 207) ; but the next three pairs of pinnules are absent.

In the 10-armed genus Comatonia the combs are confined to Pt and Pa and are

not always developed. When present they arise at about, or even within, the

proximal third of the pinnule, and are composed of exceptionally large rounded

teeth, which usually much exceed in height the lateral diameter of the segments
which bear them. This genus is also unique in having one or more of the earlier

segments of P
l
twice as long as broad, or even longer. Furthermore, it is the only

comasterid which possesses numerous large and conspicuous sacculi.

Usually in the Comasteridse the oral pinnules, in correlation with their much

greater length, are stouter basally than those following, though they taper rapidly
and soon become very slender. But in some forms they are but very little longer
than those succeeding, and in these they are much more slender with shorter

segments.

Except for the characteristic terminal comb the oral pinnules of the Com-
asteridse are comparable to those of such macrophreate types as the Heliometrinse

(figs. 292-294, p. 221) and the Thysanometrinse (figs. 282, p. 215, and 298, p. 221),
and to those of the Pentametrocrinidse (fig. 286, p. 215, and part 1, figs. 119, p. 185,

120, p. 187, and 121, p. 189) ;
their general development is along the lines followed

in these groups rather than along the lines followed in the other families of the

Oligophreata.
The rudimentary comb developed in the Heliometrinse (figs. 1053, 1054. pi. 13)

is a production of the entire distal surface of the outer pinnulars instead of a thin

outgrowth from one border of the distal surface, and there is never any basal con-

striction to be seen in connection with it. It may best be described as a blunt

carination of these ossicles, in its most developed form more pronounced externally

than internally, and seems to be the result of the lateral compression of the pinnule

tip instead of the expression of a tendency toward a prismatic development as is

the comb of the Comasteridse, which is always accompanied by more or less exca-

vation of the distal surface of the segments.
Almost all of the species which compose the families treated above have the

oral pinnules transformed into organs of touch. Among the majority of the

species of the Himerometridse (figs. 268, 269, p. 207), Stephanometridse (fig. 310.

p. 223), Mariametridse (figs. 312, 313, p. 223) Colobometridse (figs. 274, 278, p. 213),

and Calometridse (figs. 314, 320, p. 227, and 311, p. 223), while the first pair is thus
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specialized and has become very slender, delicate, and flexible, with numerous seg-

ments, the second, and usually also one or two additional pairs, has become greatly

enlarged, swollen, and stiffened, either flagellate distally or ending in a sharp spine.

These enlarged and stiffened pinnules point diagonally upward and form a rigid

and more or less spinous pro-

tective covering over the disk,

beneath which is the network

formed by the slender tactile

pinnules.
This arrangement reaches

its greatest perfection in the

genus Cenometra (figs. 274, 278,

p. 213) and especially in such

species of Stephanometra as S.

monacantha (fig. 310, p. 223) or

S. spicata. The same condition

is found in the species of

Amphimetra (fig. 309, p. 223),

Heterometra (figs. 268, 269,

p. 207), Crasped&metra, Maria-

metra, Dichrometra (fig. 313,

p. 223), Liparoinetra, Lampro-
metra (fig. 312, p. 223), Cyllo-

metra, Oligometra (fig. 315, p.

227), and Decametra, though in

these genera the pinnules of the

second and following pairs
have delicate and flagellate in-

stead of sharply pointed tips.

The extreme of the develop-
ment of the oral pinnules in the

direction of protective organs
is found in Himerometra (figs.

270-272, p. 207, and 326, p. 227),
in such species of Stephano-
metra as S. echinus (fig. 273,

p. 207, S, tenuipinna, and S.

oxyacantha, in Analcidometra,
Oligoitietrides, and Austro-
inetra (fig. 324, p. 227), and FIG. 207. LATERAL VIEW OF SPECIMEN OF ASTEBOMETRA

in Colobometra diadema (fig.
MH.IFICA.

325, p. 227). In these forms the first pair of pinnules is of the same stiffened and

spine-like nature as the following, and there are no tactile pinnules at all.

On the other hand, some species, as Liparometra articulata and Lamprometra
gyges (fig. 312, p. 223). have the pinnules of the second and third pairs so slender

that, though somewhat stiffened, they are scarcely more than tactile organs.

207
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Whereas the extreme of slenderness in the oral pinnules is seen in the Ante-

donidse, in such genera as Trichomctra and Hathrometra (fig. 289, p. 221), the

maximum stoutness is found in Ilimerometra (figs. 270, p. 207, and 326, p. 227),

The large species of the

genus Zygometra have oral

pinnules corresponding very

closely with those of the

species of Himerometra; but

the pinnules taper distally to

a more slender tip than is

usually found in that genus,

though such a tip occurs in

//. persica (fig. 272, p. 207)
and in H. bartschi. In f' t /-

toptometra the structure of

the proximal pinnules is very
similar to that of the proxi-
mal pinnules of the species of

< 'oma=teridse, though there

are no terminal combs. In

I: itilificr'nnts (figs. 190, p.

Ill; 191, p. 112; and part 1,

83. p. 136, and 84, p.

the oral pinnules are

very stout and sharply pris-

matic, recalling 1\ in certain

of the Thalassometrinse.

In the genus Pontiometro

(fig. 277, p. 213), belonging
to the Mariametridse, P

t is,

strictly speaking, the only

oral pinnule. It is nearly

eight times as long as the fol-

lowing pinnules on the same

side of the arm, very slender,

with about 50 segments. P,

is small, like P.,.

The species of Colobo-

metridse collectively are in

their proximal pinnule struc-

ture strictly comparable to
FIG. :_'08. LATERAL VIEW OF SPECIMEN OF PTEEOMETRA TKICHOFODA. * L

the species or the Himero-

metridae, Stephanometridse, and Mariametridse taken together, but the distal ends of

the segments in these pinnules are as a rule considerably more spinous than is the case

in these other families. In the species of Ollogomftridcs, Auttromftra, and A nalcido-
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metra the proximal pinnules are comparable to those of such species of Stephano-
metra as S. echinus or S. tenuipinna, though they are proportionately somewhat

longer and stouter. In Oligometra serripinna (fig. 315, p. 227) and in O. carpen-

teri the oral pinnules are strictly comparable to those of Heterometra crenulata,

and the segments of the second or second and third pairs have the same broad

processes on their prismatic ridges. In Oligometra japonica and in 0. caledonice

the lower pinnules are comparable to those of Amphimetra spectabilis or A. dis-

coidea (fig. 309, p. 223). Cennmetra (figs. 274, 278, p. 213) has essentially the same

proximal pinnule structure as Stephanometra monacantha (fig. 310, p. 223), but

P_ is usually much stouter and more as in Himerometra. In the species of the

genus Colobometra we find a close parallel to the species of the genus Stephano-
metra (see figs. 273, p. 207, and 325, p. 227). Most of the species have P

1 delicate,

many jointed and flexible, and from one to six of the following pinnules on either

side greatly enlarged, stiffened and spine-like, composed of segments with ex-

ceedingly spinous distal ends. Except for this last feature, characteristic of

the Colobometridse, these species are comparable to the large species of Stephano-

metra, while those with fewer enlarged pinnules are comparable to S. spicata,

S. monacantha, or S. indica. One species, C. diadema (fig. 325, p. 227), has P,
of the same character as P,, thus being similar to Stephanometra tenuipinna or to

S. echinus. But all the species of the genus Colobometra are peculiar in lacking
P

, though this pinnule commonly reappears on regenerated arms. The oral

pinnules of Cyllometra, Decametra, and Prometra may best be compared with

those of the species of Lamprometra (fig. 312, p. 223) or Dichrometra (fig. 313, p.

223) from which they differ only in having a greater or lesser development of spines
on the distal borders of their component segments. In some forms, as in Deca-

metra Khuleri, Pz is only slightly enlarged, while in others, as in Cyllometra manca
or C. (dbopurpurea, 1\ and also P 3 are very considerably modified.

In the Tropiometridse (figs. 279, p. 213. and 308, p. 223) the oral pinnules differ

but very little in size or in character from those succeeding, which in this family
are much longer than usual.

In the Calometridae (figs. 311, p. 223, and 314, 320 p. 227) the proximal pin-
nules resemble those of certain species of Colobometra most nearly, but Pj is much
more delicate and is composed of numerous very small rounded segments, and the

following pinnules, which may or may not be elongated, are sharply prismatic.
The first two segments of the earlier pinnules, especially of the first, are flattened

and greatly enlarged with broad dorsal processes, this modification, universal

throughout the family, not being found carried to such an extreme elsewhere.

There are two types of differentiation of the oral pinnules in the Thalasso-

metridse. In the genera Ptilometra (figs. 280, p. 213, and 316, p. 227), Pterometra,
and Asterometra (fig. 285, p. 215), in which all the pinnules ai-e stiff and spine-

like, and the arm bases are so closely crowded against each other that there is no
need for any special adaptation of the proximal for protective or for tactile pur-
poses, P! is similar to the succeeding pinnules, but much smaller, and P, is usually
also smaller than P3 . We see here indications of the course possibly followed in
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Atelecrinus, in which genus all of the earlier pinnules are absent. In the remaining

genera (figs. 283, 284, p. 215, and 317, 318, 321-323, p. 227) P
l is always more or

less, and typically enormously, enlarged, and much longer than the succeeding

pinnules, but in the distal half it tapers, usually rather suddenly, to a slender

and delicate tip. P is very rarely and P2 never similarly modified. This com-

bination of defensive and tactile functions is similar to that seen in P2 and some
of the following pinnules in such genera as Craspedometra, Mariametra, Dichro-

metra, Lamprometra, Heterometra, Amphimetra, and Decametra, but in the

Thalassometrinse alone does it occur on P, to which pinnule it is in this group
confined.

In the Charitometridse (figs. 302, 306, p. 223) P
1 and P 2 are very slender with

numerous short segments, and are usually slightly shorter than the succeeding

pinnules, while Pt is slightly shorter than P2 . They form typical tactile pinnules
of the type common to most of the oligophreate genera in which tactile pinnules

occur, the only difference being that the earlier segments are slightly enlarged, and

their outer edges are sometimes more or less flattened as a result of the close

compression of the arm bases. Thus in the Charitometridse two pairs of slender

oligophreate tactile pinnules are found instead of only one, as in other forms, a

condition finding a parallel in the macrophreate genus Leptoinetra (fig. 290, p. 221).

The pinnules in the Macrophreata, oral as well as middle and distal, are

usually cylindrical, in section aproximately circular except for the notch indicat-

ing the groove accompanying the ambulacral structures; but they may be some-

what flattened, as in Psathyrometra (fig. 295, p. 221) and Zenometra, the section

then becoming more or less oval or elliptical. Such a condition, however, is mostly
confined to the lower pinnules.

In the Oligophreata the oral pinnules are invariably primatic, at least in

part, and this condition may extend to all the pinnules, as in the Calometridse

(figs. 334, p. 227, and 336, 339, p. 229). Thalassometridae (figs. 332, p. 227, and 337,

338, 343, 344, 350, p. 229), and Charitometridae, or to the middle pinnules but

not the distal, as in the Tropiometridse. In the Comasteridse this feature is

generally observable in the segments forming the terminal comb, and sometimes

it extends inward nearly or quite to the pinnule base. In the species of Zygo-
metridse and Himerometridae there is usually to be seen on the enlarged lower

pinnules a prominent ridge just distal to the dorsal median line which is especially

prominent on the basal segments. This ridge is especially evident in Craspe-

dometra, in certain species of Heterometra (figs. 268, 269, p. 207), and particularly
in Eudiocrinus (fig. 267, p. 207). In the Mariametridae and Stephanometridae.
as in the Colobometridse, it is more or less obsolete, though a trace of it may
usually be detected on the third segment. In Heterometra crenulata, H. producta,

Oligometra serripinna (fig. 315, p. 227), and 0. carpenteri, in Which strong lateral

processes are found on the pinnulars, these are composed either of the produced
ventral edges of the pinnulars or of a great development of the dorsal ridge

(sometimes of only the distal part) and usually of both. In the species of Colobo-
metridae having fringes of spines on the distal borders of the pinnule segments
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these spines are longest at the ventral distal corners of the pinnulars, and where

the longitudinal ridge meets the distal border.

In the Oligophreata there is sometimes to be observed a curious correlation

between the size of, and the number of segments in, the oral pinnules and the

cirri. Oomanthus pinguis and C. bennetti are both remarkable for the enormous

size of the oral pinnules as well as for the great size, stoutness, and number of

segments in the cirri, while in the allied C. solaster, C. trichopetra, C. samoana, etc.,

both the oral pinnules and the cirri are small and slender with comparatively few

component ossicles.

The systematic value of the oral pinnules varies very greatly in the different

groups. They present reliable diagnostic
characters for distinguishing the families

Thalassometridse, Charitometridse, Comas-

teridae, Calometridse, and Stephanometridse,
and the subfamilies Ptilometrinae, Thalasso-

metrinse, and Heliometrinse, and in combi-

nation with the middle pinnules the family

Tropiometridse. In these groups they are of

relatively slight value for the differentia-

tion of genera, and of still less for the dif-

ferentiation of species. In the remaining
families and subfamilies in which they oc-

cur in widely different forms their impor-
tance for the determination of genera and

often of species is very great.

Middle or genital pinnules.

Immediately following the oral pin-
nules there are usually from one to three

pairs of pinnules which are more or less

intermediate in character between the oral 209

and the genital pinnules, lacking Well- FlG - 209 - LATERAL, VIEW OF TYPE SPECIMEN OB

1 1 j 111- ASTEBOMETRA I.EPIDA.

developed gonads and having a calcareous

structure indicative of the former, though much more generalized, but possessing
ambulacral grooves and nerves, lappets, and tentacles like the latter.

As a rule there are two or three pairs (figs. 272, 273, p. 207) of these inter-

mediate pinnules in oligophreate species, and one (fig. 281, p. 215) or none (fig. 282,

p. 215) in the macrophreate forms. In the Macrophreata in most cases they re-

semble exactly the genital pinnules, but bear a smaller gonad or none at all
; usually

in the Oligophreata and in the very large macrophreate species, such as the species
of Heliometrinse (figs. 293. 294, p. 221), they are intermediate in length and struc-

ture between the two types.
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In the transitional pinnules the characteristics of the genital pinnules first

appear at the distal end and rapidly extend inward toward the base.

These intermediate pinnules are followed by from 3 to 35 or more pinnule

pairs (usually from 10 to 20) upon which the perfected gonads are developed

(figs. 281, 282, p. 215). The first commonly bears a relatively small gonad, but on

the second and following this rapidly increases and soon reaches its full size.

After the middle, or the proximal two-thirds, of this pinnule series the gonads com-

monly begin gradually to decrease in

size, finally disappearing altogether.

The gonads arise on the third seg-

ment and extend outward for a variable

distance over from 2 to 20 (usually

over from 5 to 10) segments. They
are of two distinct types, each of which

has a more or less definite range (1)

a short abruptly rounded type (figs.

281, 282, p. 215) occurring in almost

all of the species of the Macrophreata,
in the majority of the Charitometridse,

and in certain of the small 10-armed

species of Comasteridse, and (2) a long
fusiform type, found in the Tropio-

metridse, most of the Thalassometridae,

and in large individuals of large species

in certain macrophreate genera. Both

types are found in the Heliometrinse,

though the second is greatly pre-

dominant, and both types are found in

Antedon bifida and A. petasus, though

only the second in Antedon mediter-

ranea and A. adriatica.

The genital pinnules are, with but

few exceptions, shorter than the oral

pinnules, and usually very much

shorter. The first four or five pairs

FIG. 210. LATERAL VIEW OF SPECIMEN OF CKOTALO- are of equal, or nearly equal, length;
METRA FLAVA.

on the following the length slowly and

gradually increases, coincident with the decrease in the size of the gonad, until

the outer genital pinnules merge imperceptibly into the distal pinnules. The

transition from the middle to the distal type of pinnule begins first at the distal

end and works gradually inward toward the base.

Ordinarily the genital pinnules (figs. 262-287, pp. 207-215, 302, 303, 307, 310,

p. 223; 324, 325, 327-335, p. 227; and 336-341, p. 229) are moderately slender and

taper very slowly until near the tip. They are much more nearly uniform through-
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out the group than are the oral pinnules, though much less uniform than the distal

pinnules. The first two segments are short, the first trapezoidal with the longest

side outward and about twice as broad as long, the second trapezoidal with the base

inward, joined to the longest side of the first, and about of the same length. The

first segment is often more or less enlarged in the earlier genital pinnules, indicating

an abrupt decrease in the size of the pinnule as a whole which has not yet affected

the basal segments to the same extent that it has affected the others. Farther out

the second segment gradually becomes longer, about twice as long as broad at the

base, as in the distal pinnules. The third segment as a rule is squarish, the follow-

ing very gradually becoming longer and elongating rather rapidly in the distal por-

tion. In the Macrophreata the relative length of the component segments is much

greater than it is in the Oligophreata.
In the Macrophreata there is very rarely any special differentiation of the

segments of the genital pinnules for the protection of the gonads : they are merely

slightly broader than those of the distal pinnules; but in the genera Notocrinus and

Isometra (fig. 1239, pi. 38), both from the antarctic, the third-sixth segments
are much broadened.

In the Oligophreata the segments of the genital pinnules are almost always

slightly broadened from the third outward, though usually not so much so as to

alter their general symmetry. This is well seen in the Comasteridse (figs. 262,

265, p. 207) and in the Thalassometriclse (figs. 332, p. 227, and 336-338. p. 229). In

a few groups there is a very marked modification of the genital pinnules. In the

genus Comatula (figs. 184, p. 100, and 262, p. 207) the third and following segments
are very short, much broader than long, though the pinnules as a whole are not

especially widened. In the Charitometridso (figs. 302-306, p. 223, and 1055, 1057.

1058, 1061, pi. 14), to a much less extent in the Calometridse, and in one genus each

in the Thalassometridae (Hone&mefra [fig. 321. p. 227] ) and Colobometridae (Aus-
trometm [figs. 340, 341, p. 229]), the third segment is abruptly widened and the

fourth even more so ; this widening may continue for one or two, or even half a

dozen more segments, and then cease abruptly, or it may gradually taper away
distally, disappearing toward the tip of the pinnule. The first condition is well

illustrated by Pcecilometra (figs. 1057, 1058. pi. 14), Horceome-tra (fig. 321, p. 227).

and Strotom-etra (figs. 230-232. pp. 118-192), and the second by Crinometra (figs.

302-306, p. 223), Crossometra, Perissometra (fig. 1055, pi. 14), Pachylometra, Glyp-

tometra, Chlorometra, C'hondrometra, the genera of the family Calometridse, and

Austromet-ra (figs. 340, 341, p. 229). It is worthy of note that abrupt expansion of

the segments of the genital pinnules is confined to 10-armed species. The broaden-

ing of the pinnulars results in the formation of a roof over the entire dorsal surface

of the gonads, which protects them from injury.

P. H. Carpenter first noticed that the grooveless condition, which is typically
and usually limited to the oral pinnules, sometimes exists on whole arms and on
all the pinnules borne by them in many species of Comasteridse (part 1, fig. 45, i,

p. 79). Even in the arms which arise from the anterior or oral side of the disk the

ambulacral groove does not give off regular branches to the pinnules borne bv the

142140 21 Bull. 82 12
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fourth and succeeding brachials, but a variable number of these earlier pinnules,
sometimes only three or four, sometimes as many as forty, resemble in this respect

the oral pinnules (part 1, fig. 45, a, p. 79), their ventral surface being convex and

devoid of any ciliated epithelium or subepithelial band, while their water vessel is

simple without any lateral extensions to respiratory leaves and tentacles. In these

oral arms, however, branches of the ambulacral groove enter the pinnules sooner

or later so that the terminal pinnules are

always provided with a distinct tentacular

apparatus, while the floor of their median

groove is of the usual character, consisting

of a ciliated epithelium and a subepithelial

fibrillar band.

Carpenter also noticed that in those co-

masterids which possess ungrooved posterior

arms the gonads upon the pinnules borne

by them are usually far more developed than

those upon the anterior arms; not only are

there more fertile pinnules, though the total

number of pinnules may not be more than

half that of an anterior arm, but the por-

tions of the glands within these pinnules

also attain a greater size than in the anterior

arms, the basal and median pinnules of the

latter being usually less swollen than the

corresponding pinnules of a posterior arm.

Carpenter found that this ungrooved
condition of the lower pinnules may also oc-

cur on all of the arms of some of the endo-

cyclic forms and that it is especially re-

markable in types like PcecUometra accela

(fig. 1058, pi. 14) and Perissometra angusti-

calyx (fig. 1055, pi. 14), which have a

strongly plated ventral perisome. The am-

bulacral grooves of all the arms and of the

later pinnules are well protected by plates,

but they do not extend onto (about) the first

20 pinnules which bear the large gonads, though the latter are protected by a very

close and regular pavement of anambulacral plates. In other species, however,

which have equally well-plated pinnules, such as Aglaometra incerta (fig. 1062,

pi. 14), the ambulacra extend over their ventral surface in the usual way.
While in almost all cases the genital pinnules are shorter than the more

slender distal pinnules, this is not always true. In the family Tropiometridse

(fig. 279, p. 213) the genital pinnules are rather stout and very long, longer than

the distal pinnules, which are unusually short. In the Ptilometrinae (figs. 280,

FIG. 211. LATERAL VIEW OF SPECIMEN or STENO-
METBA DIADEUA.
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p. 213, and 285, p. 215) also the genital pinnules are more or less longer than the

distal. In the Thalassometrinfe and Charitometridse, and in highly multibrachiate

types, the genital and distal pinnules are usually of approximately the same length.

In a single comatulid. Isometra vivipara, the genital pinnules of the female

differ from those of the male. In those of the female (fig. 1238, 1240, pi. 38) the third

and fourth segments are enormously widened, chiefly on the distal side, to cover

the brood chamber. On the proximal portion of the arm the fifth segment also is

slightly widened. Toward
the end of the series of

genital pinnules the broad-

ening of the segments dimin-

ishes, first the fifth, then

the fourth segment assuming
the normal form, the third

only remaining broad. A cor-

responding development takes

place in the growing young,
small specimens having only
the third segment of the

lowest genital pinnules wid-

ened, while the outer genital

pinnules show no widening
of any of their segments.

The male genital pin-

nules (fig. 1239, pi. 38)
also broadened, though not so

much as the female. Here

the broadening begins on the

third segment, which is the

widest, and continues, grad-

212ually diminishing, to about

the middle of the pinnule.
It is developed to about the

same degree on both the

proximal and distal sides.

Hie segments OI the gem- J,IJG 212. LATERAL VIEW OK SPECIMEN OF ] IAIIJALOMEI I-A HANA.

tal pinnules, except for those

which are broadened, are fairly slender and smooth, the distal having only a slight

development of spines on their distal borders. The articulations are not swollen.

The number of segments in the genital pinnules varies from 5 or 6 to about

25
;
the usual number is between 10 and 15.

The gradual transformation of the genital into the distal pinnules is not

distributed uniformly among the segments of succeeding pinnules. It commences

at the distal end and gradually extends downward toward the base, after the
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same manner that the transition from the oral to the genital pinnules takes place.

The first indication is an elongation of the distal segments and an increase in

their number, due partly to the addition of new segments and partly to the with-

drawal of the gonad toward the base of the pinnule, which leaves the outer

segments free. The segments supporting the gonads are not altered until the

gonads are withdrawn from them. In the outermost genital pinnules, therefore,

where the gonad rests only upon the third and fourth segments, these are exactly
as in the preceding pinnules, even though all of the segments beyond them are of

the elongate type characteristic of the distal pinnules.

Owing to their comparatively uniform structure in all comatulids the genital

pinnules are generally of but slight systematic importance. They are useful in

differentiating genera or species in groups in which they are more or less swollen

to form a covering for the gonads, or where they are much elongated, but otherwise

their systematic significance is small.

In life the lower genital pinnules stand up in planes parallel to the plane

passing through the dorsoventral axis of the arm, but farther out they gradually
lean outward so that the outermost genital pinnules are normally in a plane almost

or quite at right angles to that of the earlier ones and extend horizontally outward
from the arms.

Distal pinnnlfft.

Whereas the oral pinnules vary widely in the amount and nature of their

specialization in the various comatulid groups, and often to a very considerable

extent among the several species of the same group, there is comparatively little

variation in the genital pinnules and very much less in the distal (figs. 339,

342-350, p. 229).

The oral pinnules are specialized as organs of touch or of defense, or as

both combined, and the kind and amount of specialization varies according to

whether the calyx is broad and open or closed and compressed, and in accordance

with numerous other more obscure correlations.

The genital pinnules serve to contain the genital products and have the same
functions everywhere. Their degree of differentiation is therefore comparatively

slight, being almost entirely confined to a variation in the lateral diameter of the

third and following segments.
The distal pinnules serve to gather the food particles, a function which may

to a great extent or lesser degree be assumed by the more distal genital pinnules.
In all groups the interception and capture of food particles involve similar

mechanical and phj^siological problems, requiring a maximum of length com-
bined with a maximum of exposed ambulacral surface ; and the fulfillment of these

two conditions, both of the utmost importance in the economy of the animals,

necessarily leaves but very little scope for variation from a general type, and thus

it is that the distal pinnules are very nearly uniform throughout all the comatulid

groups.
The oral pinnules stand up parallel to the dorsoventral plane of the arm,

distally bending forward more or less over the disk, more rarely outward toward
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the longitudinal axis of the arm. Their component segments either are fitted

closely end to end, or the more proximal, sometimes all, have their angles cut

away, admitting of motion in a plane parallel to the dorsoventral plane of the

arm : there is no provision for

lateral motion. The earlier geni-

tal pinnules stand up like the

oral pinnules, those of the two

sides of the arm being parallel

with each other, and the distal

ends are always more or less

curved outward toward the arm

tips. Going outward along the

arm the later genital pinnules

are seen gradually to bend lat-

erally outward, this being cor-

related with the gradual develop-

ment of a lenticular space be-

tween the first and second seg-

ments by which it is chiefly ac-

commodated. As the genital

pinnules begin to assume the

character of distal pinnules their

recumbency increases until the dis-

tal pinnules are reached. These

latter extend outward horizon-

tally at right angles to the dor-

soventral plane of the arm.

Typically the distal pinnules
consist of about 20 segments,

though there may be as many as

30. They are almost always

longer than, usually from half

airain to twice as long as, the

genital pinnules, and as a rule

equal the longest oral pinnules
in length. They are extremely
slender and delicate; the first

segment is trapezoidal, the long-
est side outward, or more or less

crescentic, about twice as broad
as long; the second is trapezoidal, the longest side inward (directed proxiinally),
about twice as long as the first, or about twice as long as the proximal width

;
the

third segment is squarish, or somewhat longer than broad, and the next two or

three increase rapidly in length, the outer being from two to four times as long
as broad terminally, usually with more or less swollen and slightly overlapping

213

FKJ. lilS. LATERAL VIEW OF TYPE SPECIMEN OF COSMIOMETKA
CRASSICIRBA.
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distal edges; the last segment is short, without ambulacral structures, and is armed

dorsally with several recurved teeth, and the preceding one to three or more

segments may be more or less similar to it.

Except for the first two the component segments may be sharply prismatic, as

in the Calometridse, Thalassometridse, and Charitometridse, or they may bear

numerous long spines on their distal borders a feature most conspicuous in Colo-

bometra, though more or less characteristic of all groups. Typically, however, they
are cylindrical, almost smooth, and very slender, with straight ventrolateral edges
and slightly everted distal ends, the eversion of the latter slowly increasing in

degree from the base to the tip.

In some forms, as in certain species of Comwsia, Comatula, and Colobometra,
the ventral distal angles of the third and following segments may be produced into

a rounded flange-like process, or into a long spine.
There is less variation in the first two segments than in those succeeding. They

may be somewhat elongated as in the Pentametrocrinidse, and they may appear to

be more or less enlarged in species in which the pinnules are exceedingly long and

slender, as in most of the Macrophreata. They never bear carinate processes, such

as are sometimes found, for example, in Comatelfa (fig. 1041, pi. 12), Comatula, and

Leptonemaster, and in the species of Calometridse (figs. 311, p. 223, and 314, 320,

p. 227), on the first two segments of the oral and lower genital pinnules.
The distal pinnules in the multibrachiate comasterids are comparatively short,

never reaching the length of the oral pinnules, and are composed of short segments
which do not usually reach a length of more than twice the width, even distally.

The articulations are but little swollen, and the dorsal surface is more or less cov-

ered with fine spines, which become more prominent toward the distal border. The
recurved hooks on the terminal two to four outermost segments are strongly

developed.

While there is a very considerable average difference between the distal pin-

nules of the large multibrachiate species of Comasteridse and those of species of

other families so much so that individual comasterid distal pinnules may at once

be identified as such in the 10-armed young and in the 10-armed and smaller

species the difference becomes much less
;
thus the distal pinnules of Leptonemaster

or of Comatilia have comparatively little that is distinctive about them.

The distal pinnules of the species of Calometridse, Thalassometridge, and

Charitometridse are sharply triangular in cross section from the third segment out-

ward, and their component segments are relatively short as in most of the species

of Comasteridse. The pinnules as a whole are always relatively, and often abso-

lutely, short, as is well seen in the multibraciate genera, especially in the genus

Crinometra, so that they do not exceed the genital pinnules in length, and are con-

siderably less than the oral pinnules. In Parametra and in certain of the Charito-

metridse with very long arms the characteristic features of the distal pinnules may
become more or less obsolete at the arm tips, where the pinnules approach very

closely the usual slender elongate cylindrical type.

There is very little difference in the distal pinnules of the remaining families,

and what difference there is is mostly correlative. For instance, if the arms are
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smooth the distal pinnules will be smooth, but if the brachials possess overlapping

and spinous distal ends, then the distal ends of the third and following pinnulars

will also be armed with spines. If there are 10 arms the pinnules will be relatively

long, with proportionately long component segments; but if the number of the

arms be more than 10 the pinnules become proportionately shorter and the length

of the component segments becomes propor-

tionately less and less.

As a general rule the species with 10

arms only have longer distal pinnules than

multibrachiate species, and the relative length
of the pinnules decreases in direct correla-

tion with the increase in the number of arms.

It may be said also that the species of

the Macrophreata possess longer distal pin-

nules, composed of longer segments, than

those of the Oligophreata, though, taking
the 10-armed species of these two groups as

a whole, the difference is not great. The as-

sumption of a prismatic form as seen in the

Calometridae, Thalossometridae, and Charito-

metridse is accompanied by a more or less

marked shortening of the pinnule, which

again becomes elongated whenever, as in cer-

tain species of the Charitometridse, the pris-

matic character becomes more or less obso-

lescent.

Among the species of the Macrophreata
there is little deviation in the character of

the distal pinnules from a common type; they
are always greatly elongated, cylindrical, ex-

ceedingly slender, with expanded articula-

tions. As the two basal segments are not

affected by any change in the outer segments,

they appear unusually large or laterally

swollen and contrast strongly with the slen-

der segments succeeding.
The systematic importance of the dis-

tal pinnules is very slight. In general they
are not consulted except to ascertain the presence or absence of side and covering

plates, which is rather more readily determined upon them than upon the other

pinnules ;
but the characters in the earlier pinnules, brachials, arm bases, and cirri

always correlated with the presence of an ambulacra! plating, are so marked that

after a little experience one never refers to the distal pinnules to determine this

point. In the Comasteridse they are very spinous dorsally and therefore diag-

nostic, but here, because of the prominence of the terminal combs present on the

FIG. 214.- LATEHAL VIEW OF TYPE SPECIMEN OP
COSMIOMETRA DELICATA.
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oral pinnules and the usually excentric mouth, their assistance is not needed. In

other groups also there are certain features by which, after prolonged study, the

distal pinnules of any genus may be almost with certainty identified, though such

identification is attended with considerable risk, and owing to the greater reliance

which can be placed on other structures examination of the distal pinnules is

rarely needed.

PiiiHulfS and cirt'i.

Though in no way related morphologically both the pinnules and the cirri are

linear series of cylindrical ossicles united end to end, and as such they have many
characters in common, and are subject to a limited extent to the same variations.

In both the pinnules and the cirri the greater part of the possible interarticular

motion is localized in the basal portion, often almost entirely between the first and

second segments.
When the oral and outer pinnules differ widely the characters common to the

pinnules and the cirri unite the latter with the oral pinnules and the pinnules of the

division series, for the reason that they arise from the projection of the characters

of the calyx and division series upon them, and the projection of these characters

does not reach the distal pinnules.
The proximal pinnules, like the proximal cirri, are typically longer than the

others and possess tactile functions (part 1, figs. 310, 311, p. 269). In both cases

it is to be observed that elongation and added sensitiveness is characteristic of the

organs situated nearest to the central capsule of the dorsal nervous system.

The function of the cirri is to serve as prehensile organs. The same function

is assumed by the grooveless pinnules distributed at intervals along the arms in

Comatuletta bracMolata (plate 1, fig. 1332), which are capable of being coiled

dorsally to an unusual extent.

In certain types, particularly in the species of Prometra, Colobometra, and

Oliffometra, there is a marked correlation between the number of ossicles in the

cirri and in the oral pinnules.
In other types, as in certain species of ffeterometra, the development of the

dorsal ridge on the oral pinnules is correlated with the amount of carination of

the distal cirrus segments.
On the pinnulars, as on the cirrals, the distal dorsal edge is often produced

into a frill of long spines ;
in both sets of structures these spines are never found

on the first two segments, but begin on the third and gradually increase in promi-
nence outwardly: in both also this projection from the dorsal surface is at first

limited to the distal edge, but distally gradually moves inward.

The growth of the pinnules and of the cirri takes place in exactly the same

manner, and in both the terminal ossicle is well formed before the one or more

preceding have acquired their full length.

The cirri end in a strong spine, while one or more strong spines are developed
on the dorsal surface of the last pinnular. On the antepenultimate segment in

both structures one or more spines are developed, and spines of diminishing size

may occur for some distance toward the base on the preceding ossicles.
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Cirri have never been observed to branch, but branching is not infrequent
in the pinnules. Whenever it occurs it is confined to the first two segments and

is usually on the second (figs. 1066, 1067, pi. 15).

TYPES OF INTERSEGMENT.iL UXIOX.

General features.

The intersegmental unions in the crinoids are of two types, differentiated by
the presence or absence of muscles. Morphologically, the difference between these

two types is of no great impor-

tance, and primarily all of the

unions are non-muscular.

The non-muscular unions oc-

cur between the calyx plates, the

elements of the pairs in the divi-

sion series and the first two

brachial pairs, and at intervals

throughout the arms.

The muscular articulations

include the majority of the

unions between the brachials, and

the articulations at either end
of the pairs of ossicles forming
the first two brachial pairs and
the division series, including the

articulation on the distal end of

the radials.

All of the plates composing the
external skeleton of the crinoids.

perisomic plates, pinnulars, bra-

chials, calyx plates, columnals,
and cirrals originate in exactly
the same way in a uniform layer
of mesodermic tissue.

Where they are widely sep-
arated, as in the case of poorly 215

developed side and covering &$
plates, there is no modification
of the tissues between them.

If they are near together
but very rudimentary they are

commonly more or less united by strands of connective tissue. Covering plates are
commonly united to the corresponding side plates in this way.

When they are very close together they are firmly united by parallel liga-
ments, the ends of which form loops within their substance. The apposed sur-
faces of ossicles thus united may be smooth, as in the case of the unions between

Fiu. 215. LATEBAL VIEW OF TYPE SPECIMEN off COSMIOMETKA
ASTEK.
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the radials and between the radials and the centrodorsal in the comatulids, and

also in the brachial and stem syzygies in the pentacrinites, or they may develop
more or less numerous irregularly meandering to regularly radiating ridges, as

in the unions between the calyx plates in many of the Flexibilia, and in the brachial

syzygies and so-called pseudosyzygies in the comatulid arms. A slight amount
of motion is usually possible between plates thus united. This type of union is,

when movable, known as the loose suture, and when almost or quite immovable as

the close suture. In the arms and in the column it is known as the syzygy.
From this type of union there are two lines of departure one in the direction

of greater rigidity, the other in the direction of greater flexibility.

The close suture may become quite immovable and the ossicles united by it

inseparable by caustic through the development of a calcareous deposit between

and among the fibers, and this calcareous deposit may become so dense as to

result in welding the ossicles into a single unit in which no suture lines are visible.

Such a union is seen between the infrabasals and the centrodorsal in the coma-

tulids, and between the basals in Bathycrinus, Ilycrinus, RMzocrinus, and certain

species of Ptilocrinus.

The loose suture may become flexible, resulting in the development of a fulcral

ridge, the beveling away of the joint faces on either side of it, and the segre-

gation of the ligament fibers into two bundles, as is seen in the so-called synarthries
between the pairs of ossicles in the division series and between the elements of the

first brachial pairs, in the articulations between the pinnulars and cirrals, and in

the articulations in the so-called bourgueticrinoid type of column.

In the arms when the fulcral ridge of a flexible articulation runs at right

angles to the dorsoventral plane the ventral ligament bundle is divided into two
more or less triangular bundles through the intrusion in the median dorsoventral

line of the articulation of two muscle bundles of extra-articular origin which

occupy a more or less triangular area the apex of which reaches nearly to the

central canal.

Union of radiaJs with each other and icith centrndorsal, and union of calyx plates.

No detailed histological study has as yet been made of the union of the radials

with each other and with the centrodorsal in the comatulids.

P. H. Carpenter has described in considerable detail the characteristics of the

suture between the radials in Endoxocrinus wyvillethomsoni, which he states is of

the same character as that between the radials of the comatulids.

He writes that in the immediate neighborhood of their apposed lateral faces

there are none of the nuclei nor pigment granules which are embedded so abun-

dantly in the more internal portions of their protoplasmic ground substance, and
the threads of the plexus of which it is composed become excessively attenuated

and disposed with great regularity almost parallel with one another. At the

same time the meshes of this organic plexus become greatly elongated in the

intervals between the parallel threads or fibers which are connected with one
another by very delicate fibrils passing in the form of loops from one fiber to

another. These loops are simply the expression of the ends of elongated meshes
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of the protoplasmic plexus forming the organic basis of the skeleton. In the

neighborhood of each of the two apposed surfaces the fibrous elements of this

plexus assume the character of closely placed parallel connective tissue fibers with

no pigment granules nor nuclei embedded in them, but staining deeply with picro-

carmine, while the normal protoplasmic basis of the inner part of the calcareous

segments is but little affected

by this reagent. These fibers

pass from the organic basis

of one segment into that of

the next adjacent so that the

two are firmly united, and

the superficial denser layer

of calcareous tissue is de-

posited around their ends.

The superficial layer of cal-

careous reticulation which oc-

cupies the small intervals be-

tween the ends of the fibers

thus becomes extremely close

and compact, but the central

portion of the fibrous tissue

does not calcify, remaining
as a thin layer of fibrous sub-

stance between the two ap-

posed surfaces.

Carpenter, like his father,

and all students of the re-

cent crinoids until very re-

cently, believed that the or-

ganic or protoplasmic base

of the skeleton was continu-

ous from one ossicle to an-

other, but between them be-

came modified into connec- FIG. 216. LATERAL VIEW OF SPECIMEN OF LISSOMETRA ALBOFLAVA.

tive tissue strands. Reichen-

sperger was the first to show that the ligaments of the brachial articulations are

entirely distinct from the organic ground substance of the plates and are formed

exclusively of closely packed bundles of fibrillae the ends of which take the shape
of loops within the calcareous substance of the ossicles. From Carpenter's men-
tion of loops, apparently identical with the loops described by Keichensperger, it

would appear that the union between the radials is probably identical in character

with the ligamentous portion of the unions between the brachials.

The union between the radial circlet and the centrodorsal is of the same
nature as that between the individual radials, but it is not quite so close, so that
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the centrodorsal separates from the radials more readily than they do from each

other.

The fusion between the infrabasals and the centrodorsal in the comatulids

has never been studied, but apparently the coalescence is complete, for the centro-

dorsal of the adults never shows any evidence of being other than a single element.

From what we know of the stalked crinoids we are safe in saying that in

almost all cases the calyx plates are united in the same manner as the radials of

Endoxocrinus. But all stages may be traced between the purely ligamentous
union and a soldering by calcareous deposit so close that no suture lines are

discoverable.

The development of the synostosis or anchylosis is probably due to a gradually

increasing continuity of the mesodermic lime depositing layers in which the ossicles

are formed. Normally there is complete discontinuity between the sectors includ-

ing each ossicle ; with the less and less complete differentiation of this mesodermic

layer into definite sectors the amount of deposition of calcareous matter between

the ossicles increases until in those forms, as the species of Ilycr-inus, Bathi/crinus,
and Rhisocrinus, and certain species of Ptilocrinus, in which the mesodermic layer
over the basal ring is practically uninterrupted, an almost uniformly continuous

basal ring is formed in which there is no trace whatever of interbasal sutures.

Carried still farther, the continuity of the mesodermic layer becomes complete, and
thus a single plate which is the equivalent of two primitive plates is formed, as

in the case of the large basal in Hyocrinus, Thalassocrinus, and Gephyrocrinus.

NON-MUSCLT.AR UNIONS.

General remarks.

All the nonmuscular unions between adjacent ossicles in the crinoids, whether

they occur between the plates of the calyx, the radials, the columnals, the cirrals,

the brachials, or the pinnulars, are fundamentally identical in nature, and so far

as they have been studied they have been shown to be histologically the same.

In many fossil types little or no differentiation of these unions according to

location can be detected, but in the elongated and slender appendages of the

comatulids they ordinarily occur in two distinct forms, one in which the apposed

joint faces are marked with numerous radiating ridges, and the other in which they
are traversed by a median ridge separating two ligament masses of usually equal

size, as in the synarthries between the paired ossicles in the division series and in

the arm bases and in the articulations between the pinnulars, cirrals, and larval

columnals.

In the pentacrinites, which with the comatulids form a single well circum-

scribed group, the apposed faces of two ossicles united by syzygy, both in the

arms and in the column, are smooth and unmodified, like the apposed surfaces of

two adjacent radials. This indicates that the radiating ridges characteristic of

the syzygial faces of the brachials in the arms of the comatulids can not be of any
particular phylogenetic significance.
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In the proximal portion of the postradial series in certain large comatulids.

especially in the genera Co-master and C'omatula, there is a well-marked tendency
for the synarthries to lose their normal joint face sculpture and either to become

nearly plane through the almost complete suppression of the median dorsoventral

ridge (part 1, fig. 36, p. 75) or to acquire irregularly meandering or concentric

ridges similar to those seen be-

tween the plates in many of the

Flexibilia (part 1, figs. 37, 38,

p. 75).

In the articulations between

the cirri and the centrodorsal the

articular surfaces are plane, or.

very rarely, scalloped at the pe-

riphery. Only in the Atele-

crinidse is a transverse ridge with

deep ligament fossae on either

side developed.
In the ontogeny of the coma-

tulids. while the characteristics of

the brachial synarthries are evi-

dent from the first appearance of

the ossicles on either side, the

articulations between brachials

ultimately to become united by
syzygy do not begin to develop
the radiating ridges until those

brachials have acquired most of

the features of the fully formed
arm segments.

Since the syzygial joint faces
are smooth and unmodified

throughout life in the penta-
crinites. and in the comatulids
do not develop radiating ridges
until a very late stage either in

the growing young or in regener-

ating arms, we appear to be justified in assuming that the brachial syzygies are

fundamentally unions of smooth surfaces comparable to the unions between the

calyx plates or radials which, as the latter do frequently in many types, in the

comatulids have developed ridges that instead of remaining irregular and meander-

ing have become straight and regularly radiating to meet the equal stresses exerted

in all the radii on a circular joint face.

The occasional transformation of the synarthries in Comaster and Comatula
into articulations indistinguishable from true syzygies (part 1, figs. 37-40, p. 75),

PIG. ;>17. LATERAL VIEW OF SPECIMEN OF PARAMETRA ORION.
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which are connected by all intermediate stages with articulations in which the joint
faces are marked with irregularly meandering or more or less interrupted con-

centric ridges indicates that there is no fundamental difference between the

synarthries (figs. 1084, pi. 18; 1099, 1103, 1107, pi. 19, and 1123, 1127, 1131, 1135,

pi. 21) and the syzygies (figs. 1089, 1094, pi. 18) and that both are precisely of

the same nature as the sutures between the calyx plates in which the apposed
surfaces of the ossicles are marked with irregular lines, while at the same time the

synarthry, through the

cryptosynarthry in which

the joint face sculpture is

obsolescent, grades imper-

ceptibly into the type of

articular union between

two plane surfaces as seen

between the radials.

As a rule, the propor-
tion of nonmuscular to

muscular interbrachial ar-

ticulations in the crinoid

arm decreases with in-

creasing specialization.

Thus in the arms of

IIolopus, the most spe-

cialized of the recent cri-

noids, there are no non-

muscular articulations.

In the arms of the

comatulids and penta-

crinites, the next most

highly specialized groups,
the number of nonmuscu-

lar articulations is usually
between one-fourth and

one-sixth that of the mus-

cular articulations, and

may be even less than one-

tenth. Only in one or two of the smallest comatulids are the nonmuscular articu-

lations almost as numerous as the muscular. Furthermore, in these two groups

secondary arms developed to replace arms lost and the arms of multibrachiate

species which replace the ten arms of the young always have fewer nonmuscular

articulations than the primary arms which are replaced, and the arms of the 10-

armed young.
In the Bourgueticrinidae the number of nonmuscular and muscular articulations

is approximately equal.
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In the genera Thalassocrinus (part 1, fig. 145, p. 209) and Gephyrocrinus of the

Plicatocrinidae there are about as many nonmuscular as muscular articulations, but

in the genus Hyocrinus there are two nonmuscular articulation to one muscular.

As exceptions to this rule we find the genera Phrynocrinvs (part 1, fig. 2,

p. 61), Ptilocrinus (part 1, fig. 144, p. 207), and Calamocrinus, in the arms of which

nonmuscular articulations are relatively infrequent, and Proiscrinus (part 1, fig.

128, p. 199), in which there are none beyond the synarthry in the first brachial pair.

Scattered at more or less regular intervals throughout the comatulid arm are

pairs of brachials very closely united by an articulation consisting of ligament fibers

only. The apposed faces of the brachials so united show, running to a more or less

broad raised rim about the central canal, prominent radiating ridges of unusually
dense and compact calcareous structure with furrows between them, which on the

two adjoining articular faces correspond in position (figs. 1089, 1096, pi. 18, and

part 1, fig. 34, p. 71). Externally two brachials so united appear as a single

brachial, usually slightly longer than those on either side, crossed by a fine white

line at right angles to the longitudinal axis of the arm (fig. 1092, pi. 18), which

under magnification appears dotted, the dots representing the ends of the little

blind canals beetween the apposed ridges of the two joint surfaces. The ligaments

binding together two brachials united in this way are identical in character with

the ligaments in the muscular articulations, in the synarthries, in the articulations

between the pinnulars and cirrals, and between the radials, but are much shorter.

The fibers are very numerous and closely packed along the apposed ridges, but more
scattered in the furrows between them.

Such an articulation is known as a syzygy (part 1, figs. 6, p. 63, 30, p. 71), and
two brachials united by syzygy form a syzygial pair (figs. 1090-1092, pi. 18).

The number of radiating ridges on the apposed faces of a syzygial articulation

varies from 5 in Atopocrinus sibogce (part 1, fig. 227, p. 245) to at least 50 in

Amphimetra discoidea, but is usually between 15 and 40. It appears to be to a

certain extent proportionate to the size of the articular face, and is greater in the

Oligophreata than in the Macrophreata.

Generally speaking the ridges are straight, and run from the periphery of the

joint face toward the central canal ; many of them are short, running for a greater
or lesser distance inward and tapering to a slender point which may lie anywhere
between the periphery and the central canal, while others coalesce with a neighbor-

ing ridge, the two continuing as a single ridge to the canal.

It not infrequently happens in the outer part of the arms that an especially

large and broad ridge runs in the median line from the canal to the middle of the

dorsal border of the joint face, or two or three noticeably straight, strong, and

prominent ridges may be developed here. When this occurs the remaining ridges
are commonly more or less undeveloped, terminating at some distance from the rim
about the central canal, so that we see an approach to the synarthrial type of

articulation.
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While in the comatulids the radiating furrows and ridges are always very
distinct, in the closely allied pentacrinites they do not occur, and at most the joint
face is indistinctly scalloped or beaded about the periphery. In the pentacrinites
also the surface of the joint face, which in the comatulids is perfectly flat, is

undulating.
The joint faces of the syzygies in Atopocrinm siboc/cv are so extraordinary as

to deserve special notice.

Laterally and dorsally the central canal is bounded by a high ridge of moderate
width

;
from this ridge there extends to

the dorsal margin of the joint face in the

dorsoventral line another ridge which at

first is about as broad as the ridge from
which it springs, but outwardly grad-

ually broadens slightly ;
two similar

ridges extend outward, one from either

end of the laterodorsal ridge about the

central canal, making with the median

ridge an angle of about 45, or about a

right angle with each other. Just beyond
these lateral ridges, entirely unconnected

with the ridge about the central canal,

separated from the lateral ridges by a

ligament space about the same in shape
and size as the two lateral ridges, are two
more ridges, slightly broader than the

others; each has a very narrow fan-shaped

space beyond it. Beyond these two liga-

ment spaces, the distal borders of which

are approximately at right angles to the

dorsoventral axis of the joint face, are

two large obsolete muscular fossse, which

are about as high as the distance between

their proximal border and the dorsal

edge of the joint face; these are rounded-
FIO. 219.-LAIER.U, VIEW OK SPECIMEN OF sT*Lo- tr ian ,ru iar in shape ; inwardly each rises
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somewhat, forming two parallel, very

inconspicuous, low, and well rounded ridges, which are interiorly separated by a

shallow rounded groove which becomes more accentuated just beyond the central

canal, where it separates the inner ends of the inner pair of ridges; the inner ends

of the ligament spaces just beyond these ridges are bounded by the ridges border-

ing the muscular fossae interiorly. There is a deep intermuscular notch the sides

of which make an angle of from 60 to 90 with each other. The ridges on the

syzygial faces are high, and consequently the ligament fibers are long, appearing in

dorsal view almost or quite as long as those of the neighboring dorsal ligaments.
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The outer or distal element of a syzygial pair, which bears on its distal border

a muscular articulation and a pinnule socket, is called an epizygal, and the proximal

element, carrying on its outer end only the syzygial joint face, is known as a

hypozygal.

Syzygies occur in the postradial series at more or less regular intervals from

the tip of the arm down to the third and fourth brachials, which together always

form the first syzygial pair. If division series be present consisting of four or

of three ossicles the two outermost always form a syzygial pair, which, as has

already been explained, is in reality a reduplication of the first syzygial pair of

the free arms.

There are very few exceptions to this rule. In the Zygometridse a syzygy

replaces the synarthry normally found between the elements of the IBr series, but

the following division series, when present, are of the usual type and the first two

brachials are united by synarthry. In C'omatetta and Neocomatetta, and sometimes

in Comatula, on the free arms arising from the outer side of the axillaries, the first

four ossicles are usually united in two syzygial pairs. In most of the species of

the genus C'omaster all of the division series except the second consist of two ossicles

united by syzygy, and the second consists of two syzygial pairs ;
but the IIBr series

are sometimes 4(3+4), and in one species all of the division series are of the

usual type.

The details of the distribution of the brachial syzygies have already been dis-

cussed (see p. 128, last paragraph, and p. 131, middle).

There is a very considerable difference in the readiness with which comatulids

belonging to different groups lose their arms, and the relative brittleness of the

brachial syzygies is always correlated with the brittleness of the syzygies between

the first cirrus segments and the centrodorsal, and with the tenacity of the unions

between the radials. As the arms of the species of Macrophreata are always more

brittle than those of the species of Oligophreata, their cirri more easily detached,

and their radials more readily dissociated, a possible correlation is observable be-

tween the brittleness of the animal as a whole and the size of the central ner-

vous organ.
The cirri and the arms are always in the same degree fragile. In a species

which loses its arms very readily the cirri are also found to be readily lost
;
but in

a species in which the arms are rarely broken the cirri will be found also to be

unusually tough.
The only exceptions to this interesting correlation occur in the species of the

comasterid genera Co-master^ Comatella, and Neocomatetta, in which one or more of

the synarthries in the proximal portion of the post-radial series are replaced by

peculiarly brittle syzygies.

Another point of agreement between the arms and the cirri is that, whereas in

the multibrachiate species the 10 larval arms are frequently discarded at the first

brachial syzygy, in most forms during growth the oldest cirri, nearest the tip of the

centrodorsal, are continuously discarded at the syzygy joining the cirri to the

centrodorsal.

142140 21 Bull. 82 13
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FIG. 220. LATERAL VIEW OF TYPE SPECIMEN OF OCEANOHETRA CIGANTEA.
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In all of the genera of the Comasteridse, excepting those in which syzygies
occur in place of one or more of the synarthries, tho arms and cirri are unusually

tough, so that almost or quite perfect specimens are relatively easy to secure: even

the minute Comatilia from great depths is but rarely mutilated, and the same is

true of the slender and delicate Leptonemaster.
As in the comasterid genera Comaster, Comatella, and Neocomatella, the species

of all the genera of Zygometridte in which the disk is small are especially liable to

fracture of the arms at the most proximal syzygy, which in these genera replaces

the synarthry between the elements of the IBr series; but the species with large
disks are not so brittle. In this family, and in the Himerometridse and Colobo-

metridse, the tendency of the arms to break at the first brachial syzygy as a rule

does not appear to be so strong as in the Mariametridse and Stephanometridae.
It is somewhat difficult satisfactorily to compare the species of the Thalasso-

metridse with those of the preceding families because of the much rougher treat-

ment necessary in capturing them, owing to the ordinarily greater depth of their

habitat, where they are usually found among stones and coral. Generally speak-

ing, they seem to be peculiarly tough, as tough as the species of Comasteridae with,

as in that family, a few curious exceptions. The species of Ptilometrinse, with

the single exception of the species of Tropiometridae, are perhaps the least brittle

of any of the comatulids, and it is astonishing to see how the individuals will stand

the roughest sort of treatment in the dredge and yet remain whole; on the other

hand, the species of Stenometra, Daidalometra, and Stiremetra are extremely brittle,

and it is almost impossible to obtain anything like satisfactory specimens of any
species of either of these two genera. All of the other genera of the Thalasso-

metrinae are tough, though this is not quite so marked as in the Ptilometrinae.

The species of Calometridre and Charitometridse are all very tough, on the

whole resembling those of the Ptilometrinse and Tropiometridae.
As a result of the toughness of the species of these groups the cirri are some-

times torn apart at a greater or lesser distance from the base and the outer portion

regenerated. I have observed such partial regeneration of the cirri in Ptilometra,

Pterometra, Asterometra, Tropiometra (part 1, fig. 319, p. 275), Crinometra,

Pachylometra, and Glyptometra, and in some of the genera of the Calometridae.

Outside of these genera it has only been reported in Promachocrinus, and as a result

of artificial mutilation in Antedon.

In the Macrophreata there is a very considerable diversity in the readiness with

which the arms and cirri are lost, but the species as a whole are far more brittle

than the species of Oligophreata. A curious difference between the two is that

whereas in the Oligophreata brachial fracture usually occurs at the first syzygy, in

the Macrophreata it quite as frequently, or even more commonly, occurs at the sec-

ond or third syzygy, or even farther out on the arm.

The toughest of all the forms in the Macrophreata are the species of the genera
of Perometrinae and Antedonina?, which in this respect, as in others, approach the

species of the Oligophreata. All of the genera in these two subfamilies are about

equally tough.
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The species of Zenometrinse, Pentametrocrinidcie, and Atelecrinidse are ex-

tremely brittle, so brittle indeed that in many the cirri and the arm tips are quite

unknown. In these three groups it is especially noticeable that the arms are rarely
lost at the first syzygy, but almost always at the second or third or beyond.

The species of Bathymetrinse are mostly very brittle, and in many of them the

cirri and the outer portions of the arms have never been seen. Tnohom/etra and

Thaumatometra stand rather apart from the other genera in being much less sub-

ject to mutilation during capture. In the case of Tnchometra this relative tough-
ness has almost the value of a generic character in serving to differentiate the

species from those of the very closely related but extremely brittle Hathrometra.

The species of the genera of Heliometrina?, though very large, are decidedly

brittle, and good specimens are almost impossible to secure. The species of Solano-

metra seem to be rather less fragile than their allies.

The species of the genera Thysanometra and Coccometra, included in the

Thysanometrinae, are rather less brittle than most macrophreate types.

In the Arctic and north Atlantic oceans species of Heliometra and of Hathro-

metra are often dredged together, and when this occurs Heliometra is seen to be

much less fragile than the smaller Hathrometra. In the Okhotsk and Japanese
seas Heliometra and Thaumatometra occur together and are often intermingled in

the dredge, and here the small Thaumatometra is found to be much less fragile than

the larger Heliometra.

The tendency of the comatulids to cast off their appendages, pinnules, arms,

and cirri, when taken from the water or otherwise placed under unfavorable sur-

roundings, renders them very difficult to preserve satisfactorily. But I have found

that self-mutilation can largely be prevented by quickly lifting the animals and

plunging them at once into very strong alcohol or very hot water. If one attempts
to kill them slowly in the usual way, in weak alcohol or in fresh water, they are

certain to disintegrate into small fragments.

Long ago the Japanese fishermen discovered the high commercial value of the
"
bird's foot "

(Metacrinus rotundus) in the European market, and they soon found

that " birds' feet
" could be preserved without the loss of their arms if when they

were brought to the surface the arms were brought together and bound in place

with a strip of cloth. This in most cases prevents the creatures from breaking off

the arms, as they are certain to do if allowed to bend them oiitward and downward
toward the stem.

Almost all the students of the comatulids except Sars have considered the

syzygies as locus minoris resistenticc where fracture of the arm automatically takes

place when the arm is seized, as the result of some special weakness.

My experience with living comatulids and with preserved specimens has led

me to agree with Sars; the syzygies under ordinary circumstances are at least as

strong as the muscular articulations, as anyone may prove for himself by breaking

up crinoid arms; and those who have separated the brachials of a crinoid arm by
means of caustic have always found that the syzygies are by no means regions
of lessened resistance, for they are as a rule the last joints to come apart, and often
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all the other articulations will have separated yet some force is still necessary

to break asunder the syzygies.

In life it is certainly true that fracture of an arm almost invariably occurs at

a syzygy. If an animal be exposed to unfavorable conditions, placed in warm

or fresh water, or very often if merely exposed to the air, all the arms are com-

monly cast off at the first brachial syzygy, and the detached arms continue to

break up into smaller and smaller pieces by fracture at succeeding syzygies.

Reichensperger has shown that syzygial unions are innervated in exactly the

same way as muscular unions, and this would seem to indicate that fracture at

the syzygies is a voluntary act under the control of the animal.

In the more brittle types, as in Antedon, if one of the cirri be seized firmly,

or if it be cut across, it will almost invariably be cast off at the syzygy between

its first segment and the centrodorsal. This action is evidently voluntary.

Unfavorable conditions when not severe enough to lead to the breaking up
of the arms sometimes cause the loss of the pinnules. When this occurs the

genital pinnules are the first to fall off, followed by more or fewer of the distal

pinnules. The oral pinnules are not affected. When the pinnules break off they

always separate at the articulation between the second and third segments

that is, at the first articulation composed entirely of very short fibers, and there-

fore strictly comparable to the brachial syzygies and the syzygies between the

first cirrus segments and the centrodorsal.

The term "
syzygy

" was first employed by Johannes Miiller for the type

of articulation first described in 1825 by Lansdowne Guilding, who believed

that all the articulations in the comatulid arm were of this nature. The appli-

cation of the term has in the past been somewhat broad. Two brachials united

by syzygy and forming a syzygial pair have been commonly considered as but a

single brachial, which was called by synecdoche a syzygy. Thus Carpenter

repeatedly speaks of the
" third brachial

"
as a "

syzygy." or says
"
first syzygy in

the third brachial." Another meaning is given to the word by Pourtales, who,

besides speaking of the "syzygium in the third joint," also calls, in the distal

part of the arm, the interval between two syzj'gial unions a syzygium. Thus he

describes the arms of a comatulid as having
"
syzygia composed of three, or seldom

four, articulations."

Miiller and Carpenter believed that when two brachials become united by

syzygy the lower (hypozygal) entirely loses its individuality, and the syzj'gial

pair, usually in general size and shape as well as in its pinnulation resembling a

single brachial, should then be treated as a single brachial. But Carpenter made

an exception to this in the case of the IBr series which in the comatulids he always

considered as consisting of two separate elements whether they be united by

syzygy or not.

Bather was the first to appreciate the necessity of a more consistent interpre-

tation of the conditions, and lie strongly urged that the term "
syzygy

" be employed

solely to designate a syzygial union, and that the two elements of the syzygial pair

be considered, as they morphologically are, separate units. In this eminently
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logical stand he was later strongly supported by Minckert, and the term lias now

universally come to be restricted as he suggested.

Bather believes, with Carpenter, that a syzygy is an oblique muscular articu-

lation which has become pe-

culiarly specialized, the proxi-

mal ossicle during this proc-

ess having lost its pinnule

and much of its individuality.

But it is obvious that if this

were the case the proximal
and distal articulations of the

svzvgial pairs would be paral-

lel, and both strongly oblique

in the same direction, for the

course taken by oblique mus-

cular articulations across the

arm always alternates at suc-

ceeding articulations, and if

one of these articulations

were transformed into a

syzygy and thus made hori-

zontal the articulations on

either side of it, with both

of which it alternates in posi-

tion and which would be-

come the proximal and distal

articulations of the resultant

syzygial pair, would of neces-

sity be parallel with each

other, a condition never

found. Moreover, the pin-

nules always alternate in

position on either side of the

arm
;

if an oblique muscular

articulation were transformed

into a syzygy and the pinnule
on the brachial the distal

border of which was formed

by that articulation lost, the FIG. 222. LATERAL VIEW OF TYPE SPECIMEN OF OCEASOMETRA

pinnules on either side of the
ASNAXDALEI.

syzygy (the pinnule on the distal end of the syzygial pair and that on the distal

end of the brachial preceding it) would come to lie on the same side of the arm,

and thus all along the arm at every sj'zygial pair two pinnules would be found

on the same side of the arm, a condition which never occurs.
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Chadwick supposes that a primitive single brachial may develop a transverse

fracture plane which eventually becomes a syzygy, just as the peculiarly weakened

joints in the legs of crabs are developed, the similarity of which to crinoidal

syzygies was first called attention to by Bather in 1895. Although by this

explanation the morphological effect of the syzygy upon the arm structure would

be accounted for, it is definitely and emphatically negatived by the ontogeny of

the brachials.

The only explanation of the syzygial pairs which accounts for all of their

many peculiar features is that they are strictly homologous with the first brachial

pairs of the arms, and with the pairs of ossicles in the division series, and represent

pairs of ossicles in every way comparable to these which have remained unmodified

during the course of the development of the immensely elongated and highly

specialized arm of the later crinoid types.

Pseudosi/zi/gy.

In the great majority of the comatulids the first syzygy is between the third

and fourth brachials of the free undivided arms, or between the reduplications

of these ossicles in the division series when the latter are composed of three or

four elements. But in a few types one or more of the synarthries which occur

proximal to the normal first syzygial pair are replaced by more or less perfectly

developed syzygies (part 1, figs. 37-40, p. 75) . On account of the anomalous position

of these syzygies in the comatulid arm and the fact that usually they diifer more

or less widely from the distal syzygies in the direction of the synarthries they
have been differentiated from the brachial syzygies under the name of pseudo-

syzygies.
It should be emphasized that in reality there is no morphological difference

between the syzygies as found from the second brachial pair onward and the

syzygies that replace the more proximal synarthries. The latter show all possible

intergradations from the perfect syzygy indistinguishable from that in the free

arms to a syzygy which is merely a slightly modified synarthry. In other words,
the transition in these proximal syzygies between the true syzygy and the typical

synarthry is complete and unbroken, showing that there is no fundamental differ-

ence between syzygies and synarthries and that all the postradial nonmuscular

articulations are really homologous morphologically as they are histologically.

The proximal syzygy reaches its greatest perfection in the species of the family

Zygometridse, where it occurs only between the elements of the IBr series, all of

the other division series being either 2 or 4(3-|-4) as usual and the first two
brachials of the free undivided arms being united by synarthry.

In the Zygometridse the proximal syzygy is quite indistinguishable from a

brachial syzygy excepting only in a single small 10-armed species, Zygometra

pristina, in which the outer part of the articular faces for about one-half of the

distance from the periphery to the rim of the central canal is marked with radiat-

ing ridges, the remainder of their surface being smooth and flat except for the

low and narrow median synarthrial ridge.
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Only in the species of Zygometridse do we find the proximal syzygies con-

fined to the articulation between the elements of the IBr series, and only in this

group do they occur in all the species.

In the species of the genus Comaster, excepting in C. multifida and 0. taviana

in which they are entirely ab-

sent, the proximal syzygies reach

a high state of perfection. In

the articulation between the os-

sicles of the IBr series in '. fru-
ticosus (part 1, fig. 37, p. 75)
the central canal is surrounded

by a well-marked rim from which
a more or less broad median ridge
runs to the middle of the ventral

border of the joint face; be-

tween the rim and the middle of
the dorsal border of the joint
face are half a dozen or so small
narrow ridges of which the two
central usually cover the entire

distance while the others radiate,
more or less irregularly, outward
from the central canal toward the
dorsal and dorsolateral border.
The outer half of the joint face
is marked by usually three or
four more or less prominent con-
centric ridges ; between this outer

concentrically arranged portion
and the rim about the central
canal the surface of the joint face
is thickly set with blunt points
and tubercles and short or inter-

rupted ridges of various lengths
which may be arranged more or
less concentrically or more or less

radially, or may have no par-
ticular arrangement. Sometimes
these inner structures may be-
come almost or quite obsolete, so
that the joint faces have almost
the appearance of a typical synarthry; again, they may be very prominent with a

generally radial arrangement, so that except for the broad concentric outer border
the joint face resembles that of a typical syzygy.

Carpenter described the syzygy between the elements of the IBr series in
Comaster novaigwneas and states that while in all the recent comatulids the

^fO^r

FIG. 223. LATERAL VIEW OF TYPE SPECIMEN OP THALASSOMETBA
HAWAIIENSIS.
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apposed faces of the two portions of a syzygial union are marked by a series of

slightly elevated ridges with alternating furrows which radiate from the opening
of the central canal toward the dorsal margin of the joint face, in Comaster

novceguineai these ridges are frequently not perfectly continuous but are broken

up into a row of little elevations, squarish or oblong in shape, and arranged with

their longer axes radiating outward from the central canal; on some joint faces

these are not very numerous.

In the species of Comaster other than the two mentioned the elements of all

the division series beyond the IBr series and the first two brachials of the free

undivided arms are always united by syzygy, and these syzygies range all the way
from an almost typical synarthry to a quite typical syzygy (part 1, fig. 40, p. 75)
With very rare exceptions, however, the median ridge between the central canal

and the middle of the dorsal border of the joint face is always more or less

developed.
In the genus Comatula the synarthries between the elements of the IBr series,

the IBr series (when present), and the first two brachials are almost invariably

replaced by highly perfected syzygies (part 1, fig. 39, p. 75). But in the so-called

slender-armed variety of Comatula Solaris, C. pectinata, and C. purpurea, in

which the arms are not swollen basally, the synarthries are retained, though their

joint face sculpture is much less marked than usual (part 1, fig. 36, p. 75).
In Comactinia, which is very closely related to Comatula, the synarthries

remain unmodified.

In the so-called bourgueticrinoid (synarthrial) articulations between the

columnals in Bathycrinus and in the very young pentacrinites (observed in

Isocrinus and in Comastrocnnus}, there is a tendencj' for the median ridge to break

up into a number of smaller ridges which radiate outward from the central canal

so that a joint face is formed which is, to all intents and purposes, a syzygy.
This articulation, which is quite comparable to the proximal syzygy in the arms of

the comatulids, becomes in the pentacrinites the characteristic stem joint in which

the apposed faces of the columnals show complicated petaloid figures.

In the brachial synarthrial articulations (figs. 1084, pi. 18; 1099, 1103, 1107,

pi. 19; 1123, 1127, 1131. 1135, pi. 21; and part 1, figs. 6, p. 63; 10, p. 65; and 30.

33, p. 71) the apposed joint faces are transversely oval and are divided in the

median dorsoventral line by a more or less broad ridge running from the dorsal

and ventral borders to the rim about the central canal, so that the two ligament
masses occupy each a large semicircular or semielliptical area on either side of

the dorsoventral line.

With the brachial synarthries the articulations in the column of the larval

comatulids, which consist of two ligament masses, one on either side of a median

ridge coinciding with the longer axis of the joint face, as well as the similar

articulations between the cirrals and the pinnulars from the second outward, are

in all ways homologous (part 1, fig. 139, b, p. 205).
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In a dorsal view of a postradial series of ossicles synarthries may be at

once distinguished by their straight course across the arm taken in connection
with the appearance of the point of contact between the two ossicles (repre-

senting the ends of the longitudinal ridges on the two joint faces) exactly in

the median dorsal line (fig. 668, p. 329; the two elements of each of the three

pairs of ossicles represented are

united by synarthry).

Synarthries only occur between

the two elements of the first brachial

pair and their more proximal redu-

plications; that is to say, the two

elements of each of the division

series consisting of two ossicles, and
the first two elements of division

series consisting of four ossicles.

Some or all of the synarthries
in the postrndial series in certain

species may be replaced by syzygies

(see p. 174), though the converse is

not true.

The term synarthry was first

proposed by Minckert to cover all

interbrachial articulations except

syzygies. The synarthry as here

understood was originally called bi-

fascial articulation by Carpenter.
The word synarthry is preferable to

the term bifascial articulation on ac-

count of its euphemism and brevity ;

it is also conveniently close to the

word syzygy to suggest a relation-

ship. It has seemed permissible,

therefore, to adopt the word synar-

thry from Minckert, but at the same
time to redefine it so as to include

within its meaning a single definite

type of articulation.

Cryptoeyna/rtliry.

In the slender-armed varieties
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Of Comatllla Solaris, C. pectinate;,
FlG - 224. LATERAL VIEW OF TYPE SPECIMEN OF THALAS-

, ,-. SOMETRA PCBERCENS.
and L. purpurea, where the synar-
thries persist instead of giving place to syzygies, as in the broad-armed

varieties of the same species, the apposed surfaces of the ossicles become almost

plane; but a close examination reveals a faintly marked median ridge, on either

side of which are the two large but very shallow and almost obsolete ligament
fossa?. The borders of the ligament fossae, ordinarily narrow rims, are here
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very broad, but the median ridge is no wider than usual (part 1, fig. 36, p. 75
;

this is only a moderately developed example). Thus a small synarthrial articula-

tion occupies the center of a large flat joint face. As the ligament bundles, on

account of the broadening of the rim about them, and its close contact all around

with the rim of the adjacent ossicle, are not visible exteriorly, and the close union

has eliminated the beveling commonly characteristic of synarthrial articulations,

causing the line of union to appear perfectly uniform and straight, the crypto-

synarthry appears externally merely as a very fine line and is only with difficulty

to be distinguished from a syzygy.
This peculiar type of synarthry, in which the true synarthrial joint face occu-

pies only a relatively small part of the entire joint surface, appears to be the result

of a cessation of growth of the synarthry at some time considerably before the

attainment of adult size by the animal so that, after the synarthry stops increasing
in size, the further increase in the size of the joint face as a whole is effected by the

gradual broadening of the borders of the ligament fossae, which effectually masks,
so far as the external view is concerned, the synarthrial nature of the union.

For this peculiar type of synarthry, which is characteristic of certain forms

in the genus Comatula and appears to be clearly differentiated from the ordinary

synarthry and easily distinguishable even by external examination, I have sug-

gested the name of cryptosynarthry.
It is evident that the cryptosynarthry is not very far removed from the

loose suture.

Large specimens of species belonging to other genera of the Comasteridse often

have the synarthrial unions so close as scarcely to be recognizable as such externally ;

indeed Carpenter himself described Actinometra notata as having "syzygies"
between the elements of the division series and placed it next to Comatula rotalaria,

when in reality it is identical with his Actinometra stelligera, belonging in a totally

different
"
group

"
;
but with a little practice there will never be any danger of

confusing the true synarthry and the cryptosynarthry. Where the latter is present
the two elements united by it appear as a single ossicle, just as do two ossicles united

by syzygy. This is never the case with two elements united by a true synarthry.

MUSCULAR ARTICULATIONS.

General remarks.

The muscular articulations differ from the nonmuscular articulations in

possessing a pair of muscle bundles attached to their ventral borders and extending
for a greater or lesser distance inward along the median line of the joint face toward
the central canal.

The first muscular articulation unites the radial to the proximal element of

the IBr series (figs. 1, p. 6, 1118, pi. 20), and subsequently muscular articulations

occur between the pairs of ossicles in the division series and between all the

brachials in the free undivided arms except those united in syzygial pairs (part 1.

fig. 6, p. 63
; fig. 30, p. 71).
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Muscular articulations are of two types one in which the fulcral ridge runs

across the joint face at right angles to the dorsoventral plane and the two halves of

the ventral portion of the joint face on either side of the median line are alike and

symmetrical, known as the straight muscular articulation (part 1, fig. 31, p. 71),

and one in which the fulcral ridge is strongly diagonal, so that the two portions of

the ventral surface on either side of

the median line are very different in

size and shape, and there is a pinnule

socket on the ventrolateral border of

the larger ventral division, known as

the oblique muscular articulation

(part 1, fig. 32, p. 71). The distal

ends of axillary ossicles bear two mus-

cular articulations side by side, the ap-

posed borders of which are more or

less cut away (figs. 1102, 1104, pi. 19.

and 1128, 1136, pi. 21). In character

these are commonly intermediate be-

tween straight and oblique muscular

articulations. In reality they should

be considered in the same light as

single oblique muscular articulations,

for all gradations occur between two

similar articulations side by side on

the distal end of an ossicle through

stages in which one of these gradually
diminishes in size to the single articu-

lation bearing a cirrus socket on its

outer border.

Viewed from the dorsal side the

straight muscular articulation passes

directly across the arm at right angles
to its longitudinal axis (note the ar-

ticulation between the radial and IBr
x

in any figure), while the oblique mus-
cular articulation is always more or

less oblique, succeeding articulations al-

ternating in direction, with the pin-
nule socket just below the more distal end (part 1, fig. 1, p. 60; all the articula-

tions shown in the two central arms except just at the base are oblique muscular).
The only straight muscular articulation is that between the radial and the IBr^

The other muscular articulations are all of the oblique type, and always double.

The muscular articulations of the free undivided arms do not vary greatly in

the different groups, but those toward the arm bases, in the division series, and

especially on the distal ends of the radials, become progressively more and more
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FIG. 225. LATEHAL VIEW off TYPE SPECIMEN OF AGLAO-
METKA EUPEDATA.
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differentiated, assuming definite group characters, which are based upon the pro-

portionate reduction in the size of the muscles (figs. 1-115, pp. 6-67, 950-1007,

pis. 1-4).

In the straight mus-

cular articulation on the

distal face of the radials

uniting the radials with

the IBr
x there is a com-

p 1 e t e intergradation
from types with enor-

mously developed mus-

cles, as in Pentametro-
t't-iims (figs. 114, p. 67,

and 1006, pi. 4), to types
in which the muscles are

almost entirely lost, as

in Himerometra mar-
tensi (fig. 41, p. 26), and
even quite absent, as in

Pontiometra andersoni

(fig. 51, p. 33).

In these last we
have an articulation

comparable with the

synarthry, but with the

fulcral ridge at right

angles to the median
dorsoventral line instead

of coinciding with it,

and with a broad furrow

reaching from the mid-

dle of the ventral border

nearly to the central

canal representing the

incompletely closed
channel through which

the central nerve cord

has reached its final po-

sition, which is the homo-

logue of the similar

channel seen in the bra-

chial syzygies. In Pon-
:>2t>. LATERAL VIEW OF SPECIMEN OF CROSSOMETBA HELIUS. . -i

'

r i
tiometra the fulcra!

ridge is in process of disintegration, and in this type we appear to see a further step

in the direction of the syzygy.
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Through such forms as Himerometra and Pontiometra we appear to find a

complete intergradation between the muscular and the nonmuscular articulations.

It is noticeable that the highest development of the muscles on the radials

occurs on the 5 and 10 armed species, while the last is found in the highly multi-

brachiate types, and this might be supposed to indicate that the gradual loss

of the muscles was correlated with progressive specialization and therefore that

the primitive form was the type in which the muscles are developed to the highest

degree. But highly developed muscular articulations giving great flexibility to

the arms characterize comatulids with very greatly elongated arms the very
numerous brachials of which, particularly the distal, are to the highest degree

developed and specialized as uniserial elements of an attenuated appendage, and

their appearance is first at or near the arm tips from which they gradually extend

themselves toward the basal portion of the arms. In the highly multibrachiate

species in which the number of division series is large and the visceral mass

extends beyond them to the base of the free undivided arms the plates of the

division series become broadened and thin as they are in those fossil forms in

which they are incorporated in the body wall, and in their mode of union as

in their outer attributes revert to a more primitive type. We appear to be

justified, therefore, in considering the type of muscular articulation on the distal

end of the radials in Himerometra and Pontiometra as more primitive, by correla-

tive reversion, than that on the distal ends of the radials in Pentametrocrinus.

The more or less complete loss of the muscles in the proximal muscular

articulations in multibrachiate comatulids, culminating in their entire absence

in Pontiometra andersoni, suggests that the muscles are a purely secondary feature

of these unions. The invariable occurrence of a pair of large ligament masses

ventral to the fulcral ridge, which gradually decrease in size as the muscles

increase, also indicates that the brachial articulations are only secondarily mus-

cular, for in a union primarily muscular we should expect to find only muscles

on one side of the fulcral ridge and only ligaments on the other, a condition toward

which the articulations between the comatulid brachials are evidently tending.

The numerous successive pairs of muscles between the brachials in the

crinoid arms probably represent collectively a single pair of longitudinal muscles

comparable with the radial longitudinal muscles of the holothurians or the

Echinothuridae.
Straight muscular articulations.

The straight muscular articulations have already been described in detail

in the section dealing with the articular faces of the radials (pp. 1-77).

Oblique muscular articulations.

While in the straight muscular articulations the transverse ridge traverses

the joint face at right angles to its dorsoventral plane, the two interarticular

ligament and muscular fossae being similar and of equal size, and viewed dorsally

(exteriorly) the joint face is seen to cross the arm at right angles to the longi-

tudinal axis, in the oblique muscular articulation (figs. 1083, pi. 18; 1110, pi. 20;
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and part 1, fig. 32, p. 71) the course of the transverse ridge is oblique, normally
making an angle of about 45 with the dorsoventral plane of the joint face, the

interarticular ligament and
the muscular fossae on one

side of the median line con-

sequently being crowded
and those on the opposite
side correspondingly ex-

tended, and viewed dorsally
the joint face is seen to

cross the arm at more or less

of an angle (typically about

45) to the longitudinal
axis.

In an external dorsal

view of a postradial series of

ossicles a straight muscular

articulation may usually be

at once distinguished by
its straight course across

the arm and by having the

two points of contact mark-

ing the ends of the apposed
fulcral ridges equidistant
from the median dorsal

line. An oblique mus-

cular articulation, on the

other hand, runs diagonally
across the arms, most com-

monly at an angle of from
30 to 45, and the two

points of contact are one

dorsolateral, the other ven-

trolateral (part 1, fig. 30,

p. 71).
Two oblique muscular

articulations following each

other are always reversed,
and this alternation is the

invariable rule. If the ful-

cral ridge of one oblique
muscular articulation crosses

the joint face from a left

ventrolateral to a right
dorsolateral position, the
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pinnule socket being in the right muscular fossa, the transverse ridge of the next

succeeding (or next preceding) oblique muscular articulation will be found

always to cross the joint face from a left dorsolateral to a right ventrolateral posi-

tion, and the pinnule socket will be found always in the left muscular fossa. The

fulcral ridges of succeeding oblique muscular articulations make an angle with each

other typically of approximately 90. This alternation in the direction of the ful-

cral ridges accounts for the marvelous flexibility of the crinoid arm.

The straight muscular articulation admits of motion only in the dorsoventral

plane. The alternation in the direction of the fulcral ridges of the oblique mus-

cular articulations admits of motion, collectively, in any direction; but the arm

can not be rotated. Synarthries admit of motion in the plane at right angles

to the dorsoventral plane, but the scope of synarthrial motion is always very
limited. Syzygies admit of no motion whatever.

While the straight muscular articulation is invariably single, oblique mus-

cular articulations are always double. Except in Eudiocrinus, Atopocrinus, and

the Pentametrocrinidse, the first oblique muscular articulation always occurs in

the form of two similar articulations situated side by side on the distal end of

the second postradial ossicle (fig. 1102. pi. 19), and several of those immediately

following may be developed in the same way. The first oblique muscular articu-

lation of the free undivided arm consists of the articulation uniting the second

with the third brachial, plus a large and well-developed pinnule socket, and the

following articulations are similar except that the pinnule socket rapidly diminishes

in size and perfection.

In the recent comatulids the two articular faces on the distal end of each

axillary are always exactly alike, but in the genus Metacrinus the axillaries beyond
the first always have one of the two articular faces and the arms arising therefrom

larger than the other, and the difference is sometimes very marked. In the closely

related genus Pentacrinus (fossil only) the discrepancy in the size of the two faces

becomes much more marked, so that in each postradial series there are commonly
four main arm trunks giving off ramules at fairly regular intervals.

The condition normal in Metacrinus and Peniacrinus occurs sporadically in

the comatulids, and it is not unusual, especially in Tropiometra picta (figs. 173,

p. 89, and 1027. pi. 11), to find a specimen in which one of the distal pinnules has

been replaced by a more or less perfectly developed arm. Replacement of a pinnule

by an arm is much more common, however, on the second postaxillary ossicle than

distally. In Comatula etherirlc/ei (part 1, fig. 78, p. 131) this ossicle normally bears

arms which are only a fraction of the length of the normal inner arms, but in most

cases the supplementary arm is of full size.

It occasionally happens that an axillary bears two pinnules instead of two

arms, replacement of an arm by a pinnule occurring as well as the converse.

Since axillaries bear arms of all degrees of diversity in size from two exactly
similar arms to an arm and an insignificant ramule, and any pinnule may be re-

placed by an arm or any arm by a pinnule, it seems logical to assume that pinnules,

interchangeable with arms, are but dwarfed arms themselves derived through

142140 21 Bull. 82 14
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ramules, and that their present status of pinnules has been due to the rapid increase

in the perfection of the arm, extending from the base outward, in the direction of

a linear series of supporting ossicles.

In species of a number of comatulid genera one or more of the proximal pin-

nules are normally or occasionally absent, though except for the lack of a pinnule

socket the accompanying muscular articulations are of the usual character. This

occurs in the genera 6'omatilia, Petasametra, Cyllometra, Decametra, Oligometra,

Cotylometra, Colobometra, Prometra, Balanometra, Perometra, Erythrometra,

Hypalometra, Atelecrinus, Thaumatocrinus, and Pentametrocnnus. Usually the

second (first inner) pinnule, P ,
is missing, as in Petasometra, Cyllometra, Deca-

metra, Oligometra (very rare), Cotylometra (not usual),

Colobometra, Prometra, Perometra (one species), and

Erythrometra, sometimes accompanied by the first (outer)

pinnule. Pj, as in the outer arms arising from a IIIBr

series in Cyllometra, in Balanometra, and in Plypalometra;
in Atelecrinus there are no pinnules on the first 10 or 12

brachials; the second, third, and fourth pinnule pairs fail

to develop in CotnufHin (fig. 183, p. 98), and Pn ,
P

2 . and

P6 in "Antedon" impinnnta, and in the Pentametrocri-

nidre Pj is frequently absent.

That this is a more or less anomalous state of affairs

is shown by the fact that these genera have widely differ-

ent affinities, the related forms in all cases having the

normal pinnulation. by the more or less constant presence
of one or more of the missing pinnules on one or more

of the arms, and by the common reappearance of some or

all of the absent pinnules on regenerated arms. When

pinnules ordinarily absent in these genera are present they
are commonly, but by no means always, small and weak
and more or less imperfect.

In most cases it is clear that the absence of the

pinnules is the result of the crowding of the arm bases,

whereby no room remains for their development. In Comatilia and in "Antedon "

impinnata the absence of pinnules seems to be due to arrested development.
In the Macrophreata great elasticity and a wide range of movement prevail

throughout life at all of the muscular articulations and at the sj'narthries, even

though the species may reach an enormous size. The largest species or individuals

are but little less pliant than the smallest, or than the young.
In the Oligophreata, though the young exhibit the same elasticity and range

of movement as the young of the Macrophreata, and the smaller species are little,

if any, more restricted in their motion, the adults of the larger species as a rule

lose a large part of their original power of movement proximally, becoming stiffened

and more or less inert. This stiffening of the proximal articulations appears to

be correlated with size and number of arms rather than with species, and always

begins at the base of the calyx, gradually extending outward during development.
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In many species of this group, as, for instance, Comanthus solaster, though the

young are as slender and as active as a young antedonid, the adults have the

proximal portion of their postradial series so closely united that it becomes diffi-

cult to trace the sutures and all possibility of intersegmental motion is lost.

ARTICULATIONS OF THE PINNULES.

The articulations between the pinnulars and between the first pinnular and

the brachials have not as yet been studied in detail.

Viewed from the exterior it is seen that the fulcral ridge of the articulation

between the brachial and the first pinnular (figs. 1083, 1085, 1090, 1095, 1096, pi. 18)

is roughly parallel to the transverse ridge on the adjacent brachial articulation;

the fulcral ridge of the articulation between the second and third pinnulars crosses

that of the articulation preceding at an angle of about 45, while the fulcral ridges

of all the succeeding articulations run dorsoventrally (fig. 659, p. 329, and part 1,

fig. 54, p. 81).

The two basal articulations show, in certain types, sufficient resemblance to

muscular articulations to remove all doubt in regard to their homologies, while in

others they are reduced almost to the status of the brachial synarthries. The

articulation between the second and third pinnulars and all following articulations

resemble the brachial synarthries, except that, in some if not most species, there is a

small muscle bundle just within each ventrolateral angle.

Describing the articulations between the pinnulars in Antedon bifida W. B.

Carpenter wrote that the articular faces of the segments are formed on nearly the

same plan as those of the segments of the dorsal cirri, the opening of the central

canal, by which every segment is traversed, being surrounded by a slightly elevated

ring, sometimes extended into a transverse ridge, and a depression being left by

the beveling away of the surface in both directions that serves for the lodgment of

interarticular ligaments. But besides these depressions there is in each of the

basal segments, at least of well-developed pinnules, a small but deep notch in the

ventral margin of each articular surface (fig. 1090, pi. 18), but deeper in the distal,

and this lodges a minute muscle, by the action of which the pinnules can be so

flexed that those of the two sides of the arm are brought toward each other, the

converse movement of extension being effected, as in the arms, by the elastic liga-

ments when the muscles are relaxed.

P. H. Carpenter stated that each pinnule has a muscular attachment to the

brachial which bears it, while in the large tropical oligophreate species the lower

segments are united by muscles instead of by ligament or suture only.

The pinnule articulations of Himerometra martensi, based upon the study of a

large specimen from Singapore, may be described as follows :

The articulation between the second brachial and P, : The joint face is some-

what broader than high and is shaped like the joint face on the distal end of

the radials. The fulcral ridge passes across the joint face approximately at

right angles to the longitudinal axis of the arm. The dorsal ligament fossa is

deeply excavated and is more broadly rounded inwardly than outwardly ;
a promi-
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nent and deep ligament pit excises a portion of the fulcraT ridge Just beneath

the large circular central canal. Beyond (distal to) the fulcral ridge the joint

face is divided into two portions, an inner and an outer, of which the latter is

somewhat broader than the former, by a narrow intermuscular ridge which does

not reach quite to the distal edge of the joint face. The proximal half of the

area beyond the fulcral ridge is raised into a broad platform nearly on a level

with the summit of the fulcral ridge; the

distal half is rather deeply excavated. This

excavation is especially prominent on the

inner side, in the form of a right angled tri-

angle, of which the right angle is over and

just to the inner side of the middle of the

central canal, the hypotenuse opposite is

slightly convex, and the angle just inside the

middle of the distal border of the joint face

is produced in the form of a very narrow but

deep groove along the distal border of the

outer half of the joint face to the outer distal

corner. This fossa, very large and triangular
on the inner half of the joint face, but on the

outer half reduced to a narrow band along the

distal border, contains muscle fibers. On the

outer portion of the joint face beyond the ful-

cral ridge the excavation is not so deep. Here
it takes the form of a right-angled triangle,

of which the right angle, sharply rounded off,

lies at the distal outer corner of the joint face,

the two adjacent sides are about the same

length, and the hypothenuse, running from

above the central canal just beyond the mid-

dle to the outer end of the fulcral ridge, is

concave, but more or less indefinite. This

fossa, less deep than that on the inner side of

the joint face, lodges a large interarticular

ligament. On the outer side this articula-

tion resembles very closely that on the distal

end of the radial, but on the inner side the

dorsal ligament fossa is more broadly rounded, and the narrowly linear muscular

fossa running along the distal border of the joint face expands into a large tri-

angular fossa occupying almost the entire inner side beyond the fulcral ridge.

The articulation between the first and second segments of Pj : This is a fairly

typical oblique muscular articulation. The fulcral ridge, which, as usual, is very

prominent, is nearly parallel to the longitudinal axis of the arm, but the distal

end is slightly nearer that axis than the proximal. Outside the fulcral ridge is
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a large dorsal ligament fossa, which is somewhat more broadly rounded distally

than proximally; a small but deep dorsal ligament pit cuts into the fulcral ridge

just beneath the central canal, which is large and transversely oval. About the

central canal is a broad raised area on all sides sinking gradually into the exca-

vation of the interarticular ligament fossae, which is continued as a narrow band

of diminishing height to apices at the outer ends of the fulcral ridge. Inside

the fulcral ridge the proximal half of the joint face is half again as high as the

distal, and is evenly and broadly rounded outwardly, while the latter, running in

a slightly convex line from the distal end of the fulcral ridge to the inner distal

angle, makes there a rather sharply rounded turn. A broad intermuscular

farrow with parallel sides runs to the run about the central canal. In the proxi-

mal half the interarticular ligament fossa is triangular, the distal border sloping

inward and downward and making an angle of about 30 with the fulcral ridge,

and the approximately semicircular portion of the joint face beyond is occupied

by a large muscular fossa of about two-thirds its area. In the distal half the

distal border of the interarticular ligament fossa is roughly parallel with the

fulcral ridge, though bending outward is a very broad curve in its inner half,

and the muscular fossa is more or less boomerang shaped with a short and narrow

inner limb coming to a point at the inner end of the intermuscular furrow, and

a broad slowly tapering outer limb. The muscular fossae, though well differen-

tiated, appear to contain very few muscle fibers.

The articulation between the second and third segments of Pj : The articular

surface is semicircular outwardly, and inwardly composed of two semicircles meet-

ing in a deep, narrow incision in the median line. The surface is moderately

excavated, with a broad median fulcral ridge which runs from the incision be-

tween the two semicircular halves of the inner border to a point just proximal
to the middle of the dorsal border, including the central canal just beyond the

proximal third.

The articulation between the third and fourth segments of P
a

: The articular

surface, of the same shape as that of the preceding articulation, is almost plane,

but the inner portion is very slightly depressed and shows a rather broad and

ill-defined ridge of denser tissue, appearing opaquely white against a darker back-

ground, which crosses the joint face from the middle of the ventral border to a

point considerably proximal to the middle of the dorsal border, including the

central canal at the end of its ventral third.

The articulation between the distal segments of P^ : There is a broad dorso-

ventral fulcral ridge, and near the ventral outer corners on either side a small

deep approximately circular pit which lodges a small but compact and con-

spicuous muscle bundle. This pair of muscles continues to the pinnule tip.

The articulation between the outer brachials and the distal pinnules: The
dorsal ligament fossa is deeply excavated with a deep and prominent ligament

pit excising the fulcral ridge and separated from the large transversely oval

central canal by a very narrow septum; in the distal portion of the articular

face there is a large, deep, undivided muscular fossa which, in the form of a
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narrow triangle, extends from a base coinciding with the inner side of the joint
face to an attenuated point at the outer distal angle. The greater part of the

outer half of the joint face beyond the central canal is occupied by an unpaired
interarticular ligament fossa.

The articulation between the first and second segments of the distal pinnules:
This is essentially the same as the corresponding articulation in P,.

The articulation between the sixth and seventh segment of the distal pinnules:
The dorsal border of the joint face is evenly convex; the ventral border is con-

cave; the two ventral angles are well rounded. There is the usual broad median
fulcra! ridge. Occupying two pumpkin-seed
shaped areas, of which the rounded ends coincide

with the rounded ventrolateral angles of the joint
face and the sides converge inwardly to a point a

little more than half way to the median line and

slightly beyond the level of the central canal, are

two large and deep muscular fossre lodging a con-

spicuous pair of muscle bundles.

Similar paired muscle bundles appear to oc-

cur at all of the articulations of the distal pin-
nules beyond that between the first two segments.

ARTICULATIONS OF THE CIKRI.

The articulation between the first cirrus seg-
ment and the centrodorsal is usually plane, but

the periphery of the joint face may be crenu-

late. or low ridges may extend inward for a short

distance toward the central canal. In the Atele-

crinidse transverse fulcra! ridges with deep fossae

on either side occur, which resemble those at the

articulations between the columnals in the larval

stem, and there are sometimes traces of trans-

verse ridges in other types. In its usual form
this articulation is syzygial, like that between the

centrodorsal and the topmost columnal.

As noticed by W. B. Carpenter, each of the

cirrals in Antedon bifida is perforated by an axial

canal (part 1, plate 13, fig. 587) of about one-fifth of its diameter, around which is a

raised articular surface. In the oral (ventral) and aboral (dorsal) sides of this pro-

jection there are two depressions lodging the connecting ligaments. In the basal seg-

ments (part 1, plate 13, fig 587, b) the canal with its surrounding raised area is cen-

tral, and the ventral and dorsal depressions are of equal size or nearly so
; but in the

terminal segments (part 1, plate 13, fig. 587, a) the canal and the articular surface are

nearer the ventral side and the ligament fossa is both larger and deeper on the dorsal.

The terminal claw is attached to the last segment by a plane surface so closely
that it is incapable of independent movement.

FIG. 230. LATERAL VIEW OF SPECIMEN
OF STROTOMETRA PRIAMUS.
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There seems to be no difference of importance between the articulations of

the cirri in different types.

ANAI.YS1S OF AMBULACRAL OSSICLES.

The arm, as a whole. In studying the crinoid arm it must continually be

borne in mind that this structure is not a true appendage, but a local evagination
of the body wall, and that all of the braclrials that is to say, the ambulacral

ossicles are invariably formed in the body wall between the radials and the mouth.

In the "
cystid stage

"
the arms first appear as low hump-like evaginations in

the intersegmental (radial) angles mere bulges in the body wall. At this stage
it is perfectly obvious that any plates formed above the radials are formed between

them and the mouth, on the lower slope of a swelling over the top of which is the

mouth. As the arms elongate this fundamental relationship becomes obscured but

remains unchanged. No matter how long and slender the arms may become, or

how many times they may be divided, they are always reducible to an evagination
of the body wall at the line of union between two of the original body segments
and between the dorsal and ventral surfaces which, though becoming enormously

elongated and extraordinarily attenuated, still retains its primitive relation to

the ventral circumoral structures by pulling out into itself ventrally loops or

linear extensions from their intersegmental (radial) angles, and still retains its

primitive relation to the skeleton forming dorsal surface by the formation of

a series of dorsal ossicles extending for its entire length.

Since this is so it is evident that the connection between the dorsal and the

ventral surface of a crinoid in the radial regions is always along the dorsal side

of the arm to the tip, around the tip, and down the ventral side to the mouth,
and never across the base of the arm, as it would be in the case of a true appendage.

Thus it is obvious that in reality all the brachials are formed between the

radials and the mouth just as strictly as if the region between the radials and
the mouth were a plane surface instead of being at the border line between the

dorsal and ventral surfaces where they are together abruptly evaginated in the

form of an enormously elongated process.

The arm in detail. The specialization of the crinoid arm has been along the

lines of progressively increasing length, correlated with progressively increasing

perfection as a uniform linear series of ossicles.

With the formation of the primary swelling the shape of the circumoral

structures becomes more definitely pentagonal, and as the arm forms the angles
of the pentagon become drawn out into it as radial processes from the circumoral

rings. This radial elongation of the angles of the body is slow at first,

slow enough to permit the brachial ossicles to associate themselves in pairs, but

gradually increases in rapidity until they are formed as a linear series of exactly
similar elements.

In the comatulicl arm, which is the most highly specialized arm found among
the crinoids, traces of the course by which the distal perfection of the arm has

been evolved are still to be seen.
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In the 10-armed comatulids there is a very appreciable difference between the

arms as far as the second or third syzygial pair (brachials 9+10 or 14+15) and

beyond that point (see figs. 220, p. 168~; 221, p. 171; and 222, p. 173). The char-

acteristic features of the first pair of brachials have already been discussed. Be-

tween the first and second syzygial pairs the brachials are short, usually about

twice as broad as long and more or less oblong or wedge-shaped ; beyond the second

syzygial pair they become triangular, about as long as broad, distally elongate

wedge-shaped, and terminally much elongated with their ends more or less at

right angles with the longitudinal axis of the arm.

There is a corresponding difference in the pinnules. The two lowest pinnules

the first (PJ on the outer side of the distal element of the first brachial pair,

the second (Pa ) on the inner side of the distal element of the second brachial (first

syzygial) pair are typically much longer, stouter, and better developed than

those succeeding, and the articulations between their segments, especially between

the first and second, approach more or less closely the muscular articulations be-

tween the brachials. Following these to the second or third syzygial pair there is

a series of pinnules which are short and more or less rudimentary, after which

the pinnules become greatly elongated and extremely slender.

All the evidence seems to indicate that in the comatulid arm there is a marked

increase in the rate of growth after the second syzygy, which reaches its full effect

at or shortly after the third syzygial pair.

The following facts appear to show that this is the case : The brachials become

much longer. The pinnules become much longer, with greatly elongated segments

On the brachials before the second syzygial pair the produced and spiny distal

edges, when developed, stand up at right angles to the longitudinal axis of the

arm, and are duplicated on the proximal edges; but beyond the second syzygial

pair the production of the proximal edges of the brachials entirely disappears, and

that of the distal edges becomes accentuated and leans gradually distally, over-

lapping the base of the succeeding brachials. In species in which all the brachials

are strongly carinate the keels on the earlier wedge-shaped brachials are of uni-

form height from end to end
;
as the brachials become elongated the keels transform,

by the sinking of the proximal and the rising of the distal portion, into a triangular

overlapping spine, of which the base coincides with the mid-dorsal line of the

brachial. In species in which the dorsal surface of the brachial bears numerous

very fine spines those on the proximal wedge-shaped brachials are without definite

arrangement and occupy a broad median band with parallel sides
;
on the elongate

brachials following they occupy a triangle, of which the base is the distal dorsal

edge and the apex lies at the middle of the proximal edge, and are arranged in

longitudinal rows. Beyond the second the two elements of the syzygial pairs

become united at an earlier stage, so that the hypozygal loses its individuality and

the pair as a whole becomes similar to a normal brachial.

In the secondary arms of the multibrachiate species, which replace the 10

primary arms, the structure is much more uniform than in the arms of the 10-armed

species, or in the arms of their own 10-armed young. There is a greater uniformity

in the shape of the brachials, all of which are typically wedge-shaped, and the
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series of short oblong proximal brachials is very rarely to be distinguished from

those following. All the pinnules beyond the oral are of practically the same

length and very similar, and all arise at the same stage in the formation of the

brachial which bears them. The syzygial pairs are less frequent and much more

widely separated, and may even be almost entirely lacking; the long interval be-

tween the first and second syzygial pairs so conspicuous in 10-armed species is not

evident.

During development the first pinnules to appear are always the lowest of the

elongated distal types and the next the oral pinnules; the intermediate pinnules

on the wedge-shaped proximal brachials are the

last formed. In Antedon the oral pinnules ap-

pear soon after the first formation of the distal

pinnules, but in Hathrometra many of the distal

pinnules are present before the oral pinnules are

formed.

The comatitlids and the Flexibilm Impin-
nata. The comatulid arm proximal to the second

syzygy is characterized by (1) the short oblong
or wedge-shaped brachials, (2) the absence of

syzygies beyond the first syzygial pair (the inter-

syzygial interval between the first and second

syzygial pairs is the longest on the arm), and (3)

the absence of pinnules until after the brachials

are completely formed.

The developing comatulid at the stage when
the arms have developed as far as the hypozygal
of the second syzygial pair, just beyond which the

first pinnules appear (see figs. 1208, 1214, pi. 34,

and 1217, pi. 35), presents the following features:

(1) The brachials are oblong, with their ends at

right angles to the longitudinal axis of the arm
;

(2) all the brachial articulations are of the same

nature; (3) arm flexure is effected by the con-
FlG "

traction of a ventral muscular band continuous

with that about the mouth, there being no interbrachial muscles; (4) there are no

pinnules; (5) the orals are well developed; (6) the radianal has just been excluded
from the radial circlet, and the two posterior radials are not yet in contact; (7)
there are commonly five interradials

; (8) the basals are large, forming a complete
and conspicuous circlet; and (9) the topmost columnal has increased in size.

In the young comatulid before the appearance of the first pinnules and the

cirri there is no difficulty in recognizing a fairly typical representative of the Flexi-

bilia Impinnata.
From this stage onward the course of development of the comatulid suddenly

changes: (1) Arm growth increases in rapidity; (2) pinnules develop on the distal-
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most brachials, later on the two proximal brachial pairs, and subsequently on the

intermediate brachials; (3) the brachials become much longer; (4) the ends of the

brachials become very oblique; (5) the ventral muscle band, a radial continuation

of the circumoral muscle band, vanishes and is superseded by a series of paired

interbrachial muscles; (6) the articulations between the brachials, up to this time

uniform loose sutures, become differentiated into synarthries between the first and

second brachials, syzygies between the third and fourth and ninth and tenth

brachials, and at regular intervals between the subsequent brachials, and muscular

articulations elsewhere; (7) the orals disappear; (8) the radianal disappears; (9)

the interradials disappear; (10) the basals withdraw into the interior and become

metamorphosed into an internal septum ventral to the chambered organ; (11) the

radials become recumbent and form a closely knit radial pentagon to the exclusion

of all the other calyx plates; (12)

the topmost columnal increases

enormously in size, spreads itself

over the outer surface of the ra-

dials and, now become the centro-

dorsal, gives rise to numerous

cirri; and (13) the larval column

is discarded beneath the topmost
oolumnal.

Thus by a sudden and pro-

found alteration in the course of

development of the arms, pin-

nules, calyx, and column com-

mencing just as the elements of

the second syzygial pair of bra-

chials are forming the pentacri-

noid of the comatulids changes
from a fairly representative mem-

ber of the Flexibilia Impinnata into a young comatulid (compare figs. 1217 and

1219, pi. 35).

The oblong proximal brachials, the relatively undeveloped genital pinnules,

and the unusually large interval between the first and second brachial syzygies in

the arms of the comatulids are therefore all remnants of the ancestral structure

as seen in the Flexibilia Impinnata, and the true comatulid brachial structure

is not developed until after the second or third brachial syzygy. Since the sec-

ondary arms of multibrachiate types are not developed until after the young
have become true comatulids, these arms are true comatulid arms throughout, the

brachials being all wedge-shaped without special differentiation of the proximal,
and the pinnules being all of about the same length and structure and developed
in regular sequence.

The arms of the Atelecrinidce and Pentametrocrinidce. In Atelecrinus (part

1, figs. 123, p. 192, and 124, 125, p. 193) and in Atopocrinus (part 1, fig. 227, p. 245)
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FIG. 232. LATERAL VIEW OF SPECIMEN OF STEOTOMETRA
HEPBUKXIANA.
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FIG. 233. LATERAL VIEW OF SPECIMEN or HELIOMETRA GLACIALIS FROM EASTERN' GREENLAND.
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there are no oblong proximal brachials at the base of the arm, all the brachials

beyond the second being triangular. The arms in Atelecrinus are unusually long,

and apparently they assume from the first the attributes of true comatulid arms,

at least the triangular brachials and the regular distribution of the syzygies, not

passing through a stage in which they are comparable to the arms of the Flexibilia

Impinnata. The arms of Atopocrinus have never been observed, but, except for

the absence of the IBr series, they do not appear to differ from the arms of

Atelecrinus. This acceleration of the development of the arms in Atelecrinus is

correlated with a retardation of the development of the pinnules before the twelfth

brachial, which are always suppressed, and with a retardation of the meta-

morphosis of the basals, which remain visible externally. In Atopocrinus it is

correlated with the insertion of a supernumerary brachial between the first

brachial and first syzygial pairs and the absence of the IBr series.

In Thaumatocrinus (part 1, fig. 113, p. 181) and in Pentametrocrinus (part

1, figs. 119, p. 185; 120, p. 187; and 121, p. 189) the arms are greatly elongated, as

in Atelecrinus. This excess of arm growth is correlated with the absence of the

IBr series and with the insertion of a supernumerary brachial between the first

and second brachial pairs as in Atopocrinus, and with the frequent absence of P1}

suggesting the condition found in Atelecrinus.

In all of these genera the intersyzygial interval is unusually long, and all

of the syzygies are evenly spaced, agreeing with the high state of specialization

of the arms in other ways.
Pinnules. In the form and number of the component segments and in the type

of articulation between them the oral pinnules of such types as Analcidometra

and Hi?nerometra, and to a slightly lesser degree Antedon, show a striking simi-

larity to the arms of certain of the Flexibilia Impinnata, while at the same time

thejr are equally similar to the arms of the pentacrinoid before the appearance of

the first pinnules. The correspondence is so complete that we are probably safe

in considering them as strictly comparable structures (compare figs. 270 and 271,

p. 207, and 1207, 1208, and 1210. pi. 34; also figs. 273, p. 207, and 1214, pi. 34).

The oral pinnules therefore are arm branches which have failed to assume the

adult character, but instead have remained in the condition of the main arm at

the time of their first appearance; that is to say, they are Flexibilia arms borne

upon a comatulid arm trunk.

We have already seen that in 20-armed species the outer arms arising from

each IIBr series bear more specialized pinnules than the inner, which indicates

that they are phylogenetically more developed; in other words, of later phylo-

genetic origin. In most types, though the outer arms are more developed than

the inner, they are developed simultaneously with the latter; but in Comatula

eth-eridgei (part 1, fig. 78, p. 131) they actually appear much later and never

reach more than a fraction of their length. The first oral pinnule (PJ develops

upon the ossicle which in species with the division series of two ossicles each

becomes the axillary of the IIBr series and which in Comatula etheridgei bears

the short arm exteriorly. In 20-armed species this ossicle is, together with the

larval arm beyond it, thrown off and a new element is regenerated bearing two



MONOGRAPH OF THE EXISTING CRINOIDS. 195

arms, of which the outer is more highly developed than the inner. At the time

this occurs the larva is already a perfect comatulid, and therefore the two new
arms are of the perfected comatulid type. The origin of P

t appears to be identical

with that of the short outer arms of Comatula etheridgei, with this difference, that

at the time the oral pinnule appears the pentacrinoid arms are still in the Flexibilia

stage.

The very slender distal pinnules are composed of segments which, except
for the first two, are greatly elongated, and they bear no resemblance whatever

to the distal portion of the arms. They are true comatulid pinnules, correlated

with the true comatulid type of arm. At the same time they are obviously of

exactly the same nature as the oral pinnules, and it is noticeable that their first

two segments always maintain the same size relationship with the brachials as

do those of the latter, no matter how slender they may become.

The genital pinnules are transitional between the oral and the distal pinnules.

They appear after the oral pinnules and are at first greatly reduced replicas of

them, but soon the distal segments elongate, and this modification gradually
extends itself basally, so that they merge imperceptibly into the pinnules of the

distal type.

Thus while the enormously elongated comatulid arm has developed along
lines characteristic of and more or less peculiar to the comatulids, the arm branches

have remained permanently in the state of supplementary arms of the Flexibilia

type, from which they differ only in their greater slenderness. This explains the

curious uniformity in the number of pinnule segments throughout the comatulids

as a whole. At the Flexibilia stage the arms of the pentacrinoid larvae consist

of about 15 brachials, and most pinnules have between 15 and 20 segments.
The view that pinnules are dwarfed arm branched or ramules is quite correct,

but in the comatulids it must be borne in mind that these dwarfed arm branches

belong to the ancestral type of arm and not to the perfected comatulid arm type.
That the pinnules are in reality modified arms is shown by the more or less

frequent replacement of a pinnule by an arm, or the reverse, and the occasional

bifurcation of a pinnule on the second segment, which then becomes axillarv.

In the ontogeny of the comatulids pinnules first appear at the tip of the larval

arm after the first 12 to 15 brachials have been formed. P
t does not appear until

from one to half a dozen or more pairs of distal pinnules are present, and the inter-

mediate pinnules appear from the most proximal of the distal pinnules one by one

downward to the oral pinnules after the arm has assumed more or less the true

comatulid character, and after P, is well grown.
In certain types, as Comatiliairidometriformis (fig. 183, p. 98) and " Antedon "

impinnata, the pinnules between the most proximal distal and the oral never appear
at all, while in many others the last of these, P,,, is never found except upon regen-
erated arms. In Metacrinus (fig. 287, p. 215), Hypalocrinus, and C'

omastrocrinus

(part 1, fig. 126, p. 195) the pinnules toward the arm tip suddenly become greatly
reduced and finally disappear altogether, so that the terminal portion of the arm
is strictly comparable to arms of the ancestral Flexibilia type.
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The type of oral pinnule seen in Analcidometra, Himerometra, and Antedon,
and directly comparable to the Flexibilia arm, is relatively rare, for almost every-

where specialization in the form of increased slenderness has occurred, combined in

a few types, as in Heliometra, with a considerable addition to the number of com-

ponent ossicles.

In many forms, especially among multibrachiate types, the perfection of the

comatulid arm as such has resulted in the loss of the sharp line of demarcation

between the proximal and the basal portions of the arms, with the result that two

or more pairs of oral pinnules occur, of which the second or third may be more

highly developed than the earlier.

In Antedon (fig. 1040, pi. 12) the oral pinnules appear when only one or two

pairs of distal pinnules have formed, and in this genus they remain fairly close to

the type of structure characteristic of the Flexibilia arm. In Hathrometra many
distal pinnules are present when the oral pinnules first are seen, and in this genus

they have assumed certain of the characteristics of distal pinnules (fig. 289, p. 221).

It may be that the less the difference between the oral pinnules and the arms of the

Flexibilia the earlier do the former appear in the ontogeny.
The present modification of the oral pinnules into tactile or protective organs

does not indicate that the pinnules originally were of this nature. In the phylogeny
of the comatulids the functions of the Flexibilia arm as a whole have become segre-

gated and localized and distributed in such a way that the distal pinnules are now

merely food-collecting organs, the middle pinnules are concerned almost exclu-

sively with the development of the sexual products, and the oral pinnules are tactile

or protect the disk.

Division series, and pairing of the ossicles in the ambulacral series. The multi-

brachiate comatulids are always 10-armed until a considerable size is reached, when

the 10 original arms are cast off at the articulation between the first and second

brachials (more rarely between the third and fourth) and from the stumps axillaries

surmounted by new arms arise. At the time of the fracture the dividing line be-

tween the dorsal and the ventral surface of the visceral mass passes over the distal

border of the second brachial
;
but before the regeneration of the new arms the

visceral mass has so increased in size that the stumps are a considerable distance

from this border. The region between the distal edge of what in the primary arms

was the second brachial and the new junction of the dorsal and ventral surfaces of

the visceral mass is spanned by plates exactly resembling those of the IBr series,

which similarly lie entirely in the unmodified dorsal wall of the visceral mass;
that is, plates arranged in pairs (or pairs of pairs), of which the more distal ele-

ment is axillary, and the two elements are united by a nonmuscular articulation.

When the junction between the dorsal and ventral surfaces is reached this type
of plate formation ceases, and arms are produced which in every essential detail

reproduce the arms lost.

Thus the loss of an arm in the 10-armed young of the multibrachiate types is

made good by the reproduction of several similar arms, which are separated from
the original first brachial by a new series of ossicles which are reduplications of the
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FIGS. 234-243. FREE UNDIVIDED AHMS OF VARIOUS COMATLTLIDS. 234. BRACIIIALS FROM MIDDLE OF ARM
OF TOUNG SPECIMEN OF HELIOMETEA GLACIALIS. 235. ARM (WITHOUT THE DISTAL PORTION) OF
PENTAMETROCHINOS TUBERCULATDS. 236. ARM OF LEPTONEMASTEU VENUSTI-S. 237. ARM OF COMATILIA
IRIDOMETRIFORMIS. 238. ARM OF ANTEDON PETASDS. 239. ARM OF HELIOMETRA GLACIALIS. 240. ARM
OF CALYPTOMETBA LATERALS. 241. Ann OF FECTIXOMETRA FLAVOPOiipunEA. 242. ARM OF COMISSIA
LCTKENI. 243. ARM OF NEMASTER IOWBNSIS.
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ossicles preceding the original first brachial. The net result is, no essential change
in the free arms beyond the first brachials, but the interpolation of numerous ossicles

of a more primitive type between the first brachials and the radials.

Addition to the plates in the ambulacral series of the comatulids usually takes

place at the distal end of the arm that is, as has been explained, at the oral end of

the ambulacral series. But in the multibrachiate forms it is evident that, when

opportunity offers, addition to their number also occurs close to the aboral end of

the series, as in the other echinoderms. Furthermore, while the distal brachials are

entirely different from any plates found in other echinoderm groups, narrow, elon-

gate, deep, more or less cylindrical structures uniserially arranged and developing

consecutively, each better adapted than the last to the function of supporting the

slender body extension, the interpolated plates at the arm base are all of the same

type, develop into similar pairs, are always as primitive, broad, short, shallow, and

platelike as the first two formed after the radials, and resemble more or less closely
the plates of the other echinoderms.

Stated in other words, the plates of the very highly specialized free arms are in

the form of a linear series of more or less cylindrical ossicles, which is without a

counterpart in the other echinoderm groups ;
but whenever an opportunity is offered

for the formation of ambulacral plates on the unmodified body wall the plates are

formed in pairs, become broadened and flattened, and in other ways approach more

nearly the type in general common to the echinoderms as a class.

The plates of the division series, therefore, furnish a connecting link between

the brachials of the free arms and the ambulacral plates of the other echinoderms,
which are formed in a double row in the body wall, differing from the latter chiefly

in being arranged in tandem pairs instead of side by side.

An apparently fundamental attribute of all the ossicles in the ambulacral series

of the comatulids, excepting only those of the pinnules, which are truly uniserial

structures, is their invariable occurrence in pairs.

This paired condition is very evident in the basal part of the postradial series,

where not only do all the plates up to and including the outermost axillary occur

in pairs, the two components of which are united by nonmuscular articulation,

but the distal element of each of these pairs also bears on its distal end two

exactly similar ossicles side by side. The division series therefore consist of

ossicles paired longitudinally, of which the outer carries ossicles paired transversely.
At the arm tip new elements are always added in pairs. At first the two

members of a pair are exactly similar and suggest the two ossicles following an

axillary in the division series, but one of these grows much faster than its fellow,

becoming a new brachial, while the other, lagging far behind in its development,
becomes the basal segment of a pinnule. Thus every brachial is fundamentally
an axillary and bears two arms one of which is of the perfected comatulicl type,
while the other never develops beyond the Flexibilia type. Sometimes two ossicles

appear at the arm tip, one in advance of the other instead of side by side. In this

case the two never develop to full size but unite by a close nonmuscular articulation

and form a syzygial pair. These syzygial pairs are homologous with the pairs
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FIGS. 244-252. FREE UNDIVIDED ARMS OF VARIOUS COMATOUDS. 244. ARM OF COMASTER PARVUS. 245. ARM
OF PACHYLOMETRA DISTINCTA. 246. ARM OF COMANTHERIA IMBBICATA. 247. ARM OF MAKIAMETRA SUB-

CARINATA. 248. ARM OF COMA.NTHUS PINGUIS. 249. ARM OF COMATULA ROTLARIA. 250. ARM OF
LAMPROMETRA PROTECTUS. 251. ARM OF PARAMETRA ORION. 252. ARM OF PTILOMETEA MULLEBI.

142140 21 Bull. 82- 15
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in the division series and represent the projection into the arm proper of the

longitudinal pairs of the arm bases.

The growth of the crinoid arm may be described as consisting of the for-

mation of continuous series of pairs of similar ambulacral plates, the elements

of each pair lying side by side; one of these develops rapidly and soon gives rise

to another pair, while the other slowly grows into a pinnule.

Thus it appears that the comatulid brachials are each fundamentally an

axillary, comparable to the axillaries in the division series, and the elongated
linear series of brachials in the free arms is in reality a series of axillaries, each

of which bears a pinnule and the continuation of the arm (another axillary).

Whereas in the division series successive pairs of ossicles, one distal to the other, are

produced, of which the outer element always carries a pair of exactly similar

elements, both of which may develop into arms, or one into an arm and the other

into a pinnule, in the arms the longitudinally arranged pairs are relatively rare,

and in the transverse pairs one of the elements always develops into an arm, the

other into a pinnule.

Since the free arms of the Flexibilia are represented in their entiety by the

pinnules of the comatulids, and the comatulid brachials are in reality axillaries

comparable to the axillaries in the division series, the comatulid arm is composed
of a linear series of ossicles, each homologous with the last axillary in the Flexi-

bilia and each bearing on one side a similar ossicle and on the other a complete
arm of the Flexibilia type.

In certain species this arrangement has been carried over into the perfected
comatulid arm, and we find arising from each IBr axillary a series of division

series, each of which bears on one side an arm and on the other another

division series, so that a long series of ossicles results, of which every second one

gives off an arm on alternate sides (figs. 148, 150, p. 83) or on the same side

(figs. 156, p. 83, and 134, p. 79).

In the echinoids and starfishes the ambulacral plates are always in two

columns, which are always sharply separated from each other in the midradial

lines which represent the intersegmental boundaries. But in the crinoids the

midradial regions carry the arms.

The position of the anus, water pores (especially when only five in number,
as in the young comatulids and in Rhizocrinus), and primary nerve trunks, all

interradially situated, shows that in the crinoids the intersegmental dividing lines

fall in the middle of the radial areas as in the echinoids and starfishes.

The chief characteristic of the series of ambulacral ossicles in the crinoids is

the doubling of all the elements, usually transversely across the mid-ambulacral

line, sometimes longitudinally, and the pairing of the ambulacral appendages on

either side of the mid-line. This doubling is especially evident in those crinoids

in which the arms are biserial a condition toward which there is a greater or

lesser amount of reversion in the comatulid arm beyond the proximal oblong

brachials, where the following brachials for a variable distance are triangular.

In the comatulids only the pinnules show no indication whatever of a doubling
of their component segments. The pinnules represent the arms of the Flexibilia.
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These arms are similarly uniserial but are developed upon axillaries, and there-

fore always paired, lying on one side or other of the median line, never in the

middle. In the same way at the stage when the arms of the pentacrinoid are

equivalent to the arms of the Flexibilia they are always two in number and lie

one on either side of the mid-ambulacral line. In the posterior arms of certain

of the Comasteridse the terminal brachial is an axillary bearing two similar

pinnules side by side (fig. 1034, pi. 12, and part 1, fig. 47, p. 81).

Viewed in the light of the conditions found in the echinoids and starfishes

this doubling of the elements in the ambulacral series in the crinoids is easily

explained as the retention of the fundamentally biserial character of the echino-

dermal ambulacral plates.

The comatulid arms are elongate structures developed in the midradial line

from two columns of plates, one situated on either side of it, which have combined

themselves in such a way as to form a secondarily uniserial branched appendage.
Nonmuscular articulations. The nonmuscular articulations are strictly com-

parable with the sutures between the calyx plates and between the radials, and occur

only between elements which originate as longitudinal pairs, as in the arm and

column, or as longitudinal series of exactly similar ossicles, as in the pinnules and

cirri. Ossicles originating as transverse pairs are always united to the preceding
ossicle by muscular articulation. But while the elements of transverse pairs are

united to the preceding ossicle by muscular articulations, the elements of each pair

immediately following an axillary are commonly more or less bound together by
suture. In each species all of the transverse pairs of ossicles immediately following
the outer axillaries are united to approximately the same extent as those immedi-

ately following the IBr axillary, and in different specimens of the same species,

where there is considerable variation in the latter, there is a similar correlated varia-

tion in the former. Increase in size or in the number of the arms induces a broaden-

ing of the IBr, and a closer lateral union, and the same feature is projected upon
all the transverse pairs immediately following axillaries farther out in the post-

radial series. As a general rule the IBr, are united for a slightly greater propor-
tion of their interior length than the IIBr,, and the IIBr, than the IIIEr,, and so

on, so that there is a very gradual lessening of the completeness of this internal

union distally. The graduation is commonly so slight as to be barely appreciable,

except in those species with a very large number of arms.

In the pentacrinoid larvae of the comatulids before the appearance of the first

pinnules all the articulations, both of the column and of the arms, are nonmuscular.

Specialization in the comatulid arm is in the direction of the gradual elimination of

the nonmuscular articulations, which are replaced by unions of the muscular type.

Up to and including the first syzygial pair of the free undivided arms all the

ossicles beyond the radials are united in pairs by nonmuscular articulations,

synarthries between the two ossicles immediately following each axillary, and

syzygies between the outer pair in the division series in which two pairs are

developed.
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The first syzygial pair is composed of the third and fourth brachials, the

second of the ninth and tenth, and the third of the fourteenth and fifteenth, more

rarely of the seventeenth and eighteenth. Beyond this point syzygial pairs occur

regularly separated by one, two, three, or four, most commonly two or three, single

brachials, the number being more or less directly correlated with the size of the

species.

The long interval between the first and second syzygial pairs is a heritage from

the ancestral Flexibilia arm, and is correlated with the retarded development of the

pinnules borne by the intermediate brachials.

In the secondary arms of the multibrachiate species the brachials become more

uniform and more wedge-shaped, with less oblique ends, the pinnules become more

uniform and stouter, the syzygial pairs become much less frequent and more widely

spaced, and the articulations between the pinnulars take on more and more the

character of true muscular articulations.

In the Atelecrinidse and Pentametrocrinidse, in which the arms are unusually

long and very highly developed, the syzygial pairs are more widely spaced than in

the arms of ordinary 10-armed types, and, excepting only in Atelecrinus, the first

syzygial pair is separated from the distal element of the first brachial pair by an

interpolated ossicle.

In the distal part of the arms as the brachials become more and more per-

fected in the direction of a linear series of ossicles the two elements of the syzygial

pairs become less and less individualized, each pair taking on more and more the

characteristics of a single normal brachial.

Radials. The radials have always been considered as true calyx plates, and the

radial circlet has, therefore, been assumed to be quite as much an integral part of the

crinoid calyx as the circlet of basals or of infrabasals.

The radials have the following characteristics of true calyx plates :

In very many types they form, in the shape of a broad closed ring resembling
the basal ring, an integral part of the cup in which the visceral mass is lodged.

Alternating with the basals, they are usually interlocked with them in the same

way that they are interlocked with the infrabasals.

The size of the radials often bears roughly the same proportion to the size of

the basals as the size of the latter does to that of the infrabasals.

The arms often arise as slender free appendages from the middle of the distal

border of the radials, while the latter are incorporated in the wall of the capsule

inclosing the visceral mass.

That these characteristics are not fundamental attributes of the radials is evi-

dent from the following facts :

Very frequently the radials do not form a closed ring, but are separated from

each other by interradials, which are particularly likely to occur in the posterior

interradius. They may become, as in the comatulids and pentacrinites, so altered as

to cease to function as an integral part of the body wall, serving merely as bases

upon which the arms are developed ; furthermore, a variable number, often large,

of the postradial plates may become incorporated in the body wall.
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They are, especially the right posterior, sometimes separated from the basals

by infraradials.

In the Articulata as a whole and in certain sections of other groups the size of

the radials is correlated with that of the basal portion of the postradial series and

bears no relation whatever to that of the basals and infrabasals; this is well illus-

trated in the comatulids and pentacrinites.

The arms tend to arise as slender appendages from the edge of the disk, no

matter whether the plate situated there is a radial or one of the plates of a subse-

quent division series
;
unless they happen to lie at the edge of the disk the size of

the radials agrees with that of the following postradial ossicles, and not with that

of the preceding plates.

From this it is clear that the only invariable attribute of the radials is their

connection with the postradial series of ossicles.

The origin of the radials as we know it in the comatulids indicates no relation-

ship whatever with the orals, basals, and infrabasals, but a most intimate connec-

tion with the arms.

The radials do not appear until the orals, basals, and infrabasals, which arise

simultaneously at a very early period, have attained their perfected form and

proportions.
The first traces of the radials are found when the swellings indicating the

budding arms first appear and the ventral ambulacral structures have begun to

extend toward them.

Carpenter noticed that the radials, like the basals and orals, commence as

expanded cribriform films, while the endogenous additions by which they are sub-

sequently thickened are cribriform like those of the basals, and not fasciculated

like those of the primibrachs, which originate as imperfect rings, which soon become

filled up with lengthening fasciculated tissue, just as is the case with the columnals

and later brachials.

This is probably correlated with the fact that the radials are broader than the

succeeding plates and without further significance.

Structurally the radials are always related to the following ossicle in exactly
the same way that all the axillaries are related to the ossicles immediately following,
and in certain types, as, for example, Arachnocrinus ~bulbosus (part 1, pi. 16, fig.

595), there is an unmistakable agreement in form between the radials and the

axillaries.

The orientation of the five primary nerve trunks, which are interradial, the

position of the water pores, which are interradial, and the location of the anus,
which always lies in the posterior interraclius, show that in the larva the five seg-
ments of the body are the regions covered by the orals and the basals, and that the

radials are intersegmental plates.

Radianal. In the pentacrinoid young of the comatulids the radianal plate
is always found, is invariably well developed, and is always closely associated

with the right posterior radial, usually at first occupying a position beneath its

left lower angle from which it moves upward and outward, passing around the

entire left side of the radial and out onto the disk.
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Its identification in the pentacrinoids has been delayed by the fact that in

Antedon it does not appear until relatively late, when it occupies a position between

the two posterior radials, the left side of the right posterior radial being cut away
to accommodate it.

In this genus its position is essentially that of the so-called anal x in the

fossil forms with which it has been confused. But its relation to the right posterior

radial is that of the radianal and not that of anal x, it moves outward from the

radial circlet exactly as does the radianal in other types, and anal x, though

greatly reduced, is usually also present.

In Promachocrinus (see pp. 530-557) and in certain other types the radianal

is formed before the first appearance of the radials, so that following the so-called

prebrachial or cystid stage a stage occurs in which the radianal is the only radially

situated plate in the calyx; but almost immediately the right posterior radial

appears as an exactly similar plate situated just to the right of it and in the

same transverse plane. During subsequent growth the radianal moves upward
and toward the left until it is nearly over the apex of the posterior basal, when, by
the approximation of the two posterior radials beneath it, it is shoved directly

outward onto the disk and disappears.

The radianal in Antedon is not formed until a stage in the general develop-

ment is reached equivalent to that in which in Promachocrinus the radianal has

reached a position near the apex of the posterior basal.

In the comatulids until the final extrusion of the radianal from the radial

circlet the centers of the radianal and of the right posterior radial always lie in

the same transverse plane, the radianal moving upward and outward as the radial

increases in size; but on account of the shape of the radial the radianal often

appears to lie more or less beneath its lower left-hand border.

In the Flexibilia there is the following diversity in the occurrence of the

radianal:

The following genera are without a radianal : Mespilocrinus, Calpiocrinus,

Harmocrinus, Nipterocrinus, Lithocrinus, Metichthyocrinus, Synaptocrinus, Euryo-

crinus, Amphicrinus, Dactylocrinus, Synerocrinus, Wachsmuthicrinus, Parichthyo-
crinus.

The radianal may be situated obliquely above the right posterior radial, pushed

upward on the right shoulder of the elongated posterior basal, in Forbesiocrinus,

EutaxocrinuSj Taxocrinus, Onychocrinus in the last three being the first plate of

the tube series, usually larger than those following.

The radianal is rhombic and situated obliquely below the right posterior
radial in Lecanocrinus, Cholocrinus, Pycnosaccus, Gnorimocrinus.

The radianal is obliquely below the right posterior radial, usually between

the basals, in Sagenocrinus.
The radianal is more or less beneath the right posterior radial, but above

the line of basals, in Anisocrinus.

The radianal is beneath the right posterior radial and between the basals

in Homalocrinus.
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FIGS. 253261. FREE UNDIVIDED ABMS OF VARIOUS COMATDLIDS. 253. ARM OF COMANTHERIA BRIAKEUS.

254. ARM OF CENOMETRA DNICOHNIS. 255. ABM or PONTIOMETRA ANDERSONI. 256. ABM OF COMATDLA
SOLARIS. 257. ARM OF COMATELLA NIGRA. 258. ABM OF CAPILLASTER SENTOSA. 259. ARM OF AMPHI-
METBA DISCOIDEA. 260. ABM OF HlMEBOMETBA MAGNIPINNA. 261. ABM OF CAPILLASTEB MULTIRAD1ATA.
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The radianal is in the form of a radial beneath the right posterior radial

in Temnocrinus, Meristocrinus, Ichthyocrinus, Clidochirus, Cleistocrinus, Protaxo-

crinus.

Thus while in the comatulids the radianal moves upward and is shoved

outward from the radial ring onto the disk where it disappears, in the Flexibilia,

though this may occur in those types in which no radianal is present in the adults,

there is an equally marked tendency for the radianal to retain its original position

while the right posterior radial grows around it, culminating in the tandem

arrangement of these two plates, both equally developed, with the radial in advance.

In certain genera of Fistulata, as in some Larviformia, one, two, or three

radials may have a large infraradial beneath it, while in others the radianal may
be very much larger than the right posterior radial.

Although occurring in a great number of diverse forms, and usually reduced

in size, the radianal shows two outstanding characteristics: (1) It is invariably
associated with the right posterior radial, and its reduplications (infraradials)
are equally closely associated with other radials, and (2) whenever it is large and
well developed it resembles a radial itself.

This latter feature is illustrated by the following cases :

At first in Promachocrinus the radianal and the right posterior radial are

exactly alike and situated side by side, forming a transverse pair of similar ossicles.

In Temnocrinus, Meristocrinus, Ichthyocrinus, Clidochirus, and Protaxocrinus,

the radianal is in the form of a supplementary radial situated beneath the right

posterior radial and with it forming a longitudinal pair of similar ossicles. The
same arrangement also occurs in certain genera of Larviformia and Fistulata, often

on more than one ray.

In Hybocrinus the radianal lies within the radial circlet and is practically the

equivalent of the other radials, but bears a small right posterior radial on its trun-

cate right distal angle.

In Baerocrinus the right posterior and the anterior radials are replaced by
infraradials (the equivalents of radianals) which resemble the other radials

except that they bear no arms.

Since whenever the radianal is sufficiently developed to exhibit any distinctive

features at all it always exhibits the characteristics of radials, and since it is

always intimately associated with the right posterior radial, in the light of the

conditions seen in the very young Promachocrinus, and in Temnocrinus, Meristo-

crinus, Ichthyocrinus, Clidochirus, and Protaasocrwius, the assumption is justified

that it is in reality the equivalent of the right posterior radial.

In the comatulids the gradual and eventually complete elimination of the infra-

basals and basals as elements of the wall inclosing the visceral mass and the disap-

appearance of the orals, a morphological transformation which runs hand in hand
with the extraordinary prolongation and development of the arms, is easily traced

in the ontogeny, and among the fossil forms we find evidence supporting the

belief that phylogenetic advance has in general been along similar lines, involv-

ing a reduction in the number and size of the calyx plates correlated with an

increase in the length and size of the arms.
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FIGS. 262-273. ARMS AND PINNULES OF VARIODS COMATULIDS. 262. COMATULA SOLARIS. 263. COMASTER
TAVIANA. 264. COMATILIA IBIDOMKTniFOHMIS. 265. A POSTERIOR ABM OF COMATULA MICRASTER, SHOW-
ING THE SPHERODES. 266. EODIOCRINUS VAT.IEGATCS. 267. EODIOORINUS SERRIPINNA. 268. HETERO-

METRA COMPTA. 269. HBTEROHETRA SINOULARIS. 270. HlMEROMETRA ROBUSnPIXN'A. 271. HlMERO-
1IF.TRA MAQNIPINNA. 272. HlMEROMETRA PERSICA. 273. STKPHANOMETRA ECHINUS.



208 BULLETIN 82, UNITED STATES NATIONAL MUSEUM.

It has already been suggested that the relation of the posterior portion of the

digestive tube to the anal area, and especially to the right posterior ray, is such as to

result in the retardation in this region of any developmental changes along the lines

of a reduction in the number of the elements in the calyx and its consequent simpli-

fication.

Thus if the radianal really is, as seems at least possible, the first element of a

pair of exactly similar plates of which the right posterior radial is the second, and

if this condition was originally found in all the radial areas, it is easy to under-

stand why in the crinoids as we know them, both fossil and recent, the radianal has

been greatly reduced and confined to the right posterior radial region or elimi-

nated altogether.

If at the stage in which the radianal and the right posterior radial, both of the

same size and to all appearances just alike, are present, this pair of plates is as-

sumed to be reduplicated in all the radial areas, an assumption which is by no

means without justification, there would result an organism from which a broad

series of echinodermal homologies could be worked out; for from such a pair of

plates in each radial area additional pairs would be added either proximally or

distally, according to whether the development of the body took place proximally
or distally in reference to the zone or belt in which they occur

;
and if we add the

possibility of larval development in the crinoids without the rupture of the vesti-

bule, a logical connection between the recent types, the Camerata, the blastoids, and

the cystids becomes easily traceable.

ORNAMENTATION.

Ornamentation is the exponent of, or the resultant from, a superabundance of

vitality or excess of ontogenetic energy over the immediate needs of the individual.

It is limited in its manifestations by considerations of vital economy, which as a

rule operate to confine it within narrow bounds.

The fixed habit of the crinoids would appear to be conducive to the development
of ornamentation, but their enormous specialization, intimately connected with their

body form, and their curiously specialized method of feeding, have resulted in such

a delicate adjustment to their environment that only a slight departure from a

generalized type is possible.

The ornamentation of the recent crinoids is confined to comparatively slight

modifications of the edges or exposed surfaces of the ossicles and much of it,

though undoubtedly ornamental in origin, has come to possess a secondarily eco-

nomic function exactly as has happened in the case of many other animals.

Comatulid ornamentation appears to be (exclusive of the very distinct inter-

articular ornamentation) divisible into three general types, one including all the

productions of the free edges of the ossicles, another the lateral compression and
carination of the median line of the ossicles, and the third the general modification

of the exposed surfaces
;
but all three types intergrade more or less.

The first type appears to be the most primitive and appears earliest in the

ontogeny, while the last is the most specialized and is the latest to become evident ;

it is only found in highly specialized genera.
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In practically all species of comatulids the distal dorsal border of the brachials

is more or less produced outward over the base of the succeeding segments (figs.

1059. pi. 14, and 1070, pi. 15), and at the same time is more or less spinous or sharply

dentate. This character appears in the young not long after the beginning of the

free existence. It is primarily the result of the cessation in the longitudinal growth
of the ossicles, due to the development of the articular faces and the fixation of the

organic matter in a more or less stable form before the deposition of calcareous

matter has ceased an expression on a small and limited scale of the well-recognized

fact that skeletal structures continue to develop after the other structures have

reached maturity the further calcareous deposition taking place at the only point

possible, the free distal edge of the ossicle bordering the dorsal ligament fossa.

As a rule the production of the distal edge of the brachials is not evident

proximal to the fourth brachial of the free undivided arm, gradually increasing in

intensity from that point outward, but diminishing again near the tip.

The distal edges of the pinnulars, except the first two, are almost always pro-

duced and spinous, like the distal edges of the brachials, and this feature increases

from the base of the pinnules outward.

In the cirri spinous distal edges on the segments are not common. They occur

in the species of the genus" Colobo??ietra and in a few of the species of Thalasso-

metra, where they are developed on the basal segments and extend outward in

diminishing intensity onto the fixed proximal segments. They never occur on the

mobile outer cirrals.

In the Macrophreata the production of the distal dorsal edges of the brachials

and of the pinnule segments is always very slight, though always present, at least

distally. It is sometimes reduced to a row of fine spinelets, which are scarcely
visible even under a good glass. In the Oligophreata it is always pronounced and
is often carried to extremes, as in the Comasteridse, especially in the species of

Comaster and in certain species of Comanthus, in most of the species in the Zygo-

metridse, in many of those of the Himerometridffi, Mariametridse, Charitometridse,
and Thalassometrinse, and particularly in the genus Colobometra.

This produced distal dorsal edge of the ossicles is always serrate for the

reason that all free calcareous borders of crinoid ossicles increase by sending out

more or less slender and tapering teeth, as is well seen in the development of the

orals. With further growth the interstices between these teeth may become more
or less filled up, resulting in a comparatively smooth edge, and this appears to

take place in certain species of such genera as Himerometra and Zygometra.
In a few species, such as Strotometra omatissima (part 1, figs. 101, 102,

p. 163), Perissometra patula, Charitometra basicurva, Eudiocrinus ornatus (fig.

190, p. Ill), Heterornetra crenulata, and Heterometra a-spera, the distal border of

the earlier wedge-shaped or oblong brachials is abruptly turned outward, form-

ing a conspicuous ridge across the arm. This reaches a maximum in Strotometra

omatissima and is well illustrated in Charitometra basicurva and in Eudiocrinus

ornatus, but in the other species it is only slightly marked.

In most comatulids the lateral edge of the ossicles is smooth and straight, but

occasionally it becomes produced, wholly or in part. Such a production of these
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lateral edges gives rise to thin flange-like borders, which are usually ventrolateral,

in this case assisting to support the visceral mass, more rarely dorsolateral. These

are usually widest at the point of maximum growth activity (the distal corners)

and may be wholly or chiefly confined to this location.

In general, this type of ornamentation is confined to the first brachial pairs

and their reduplications, or to the first two pinnule segments, biit it is occasionally

developed on all the brachials and pinnulars.
In the Macrophreata production of the ventrolateral border of the ossicles

is very rare, but it is seen in the Atlantic species of Antedon and in species of

Eumetra and Imdometra and one or two other related genera. It does not occur

in the Comasteridfe, Zygometridfe, Himerometrid?e, Thalassometridse, Charitomet-

ridse, or Mariametridse. In certain species of the genera Stephanometra (figs. 125,

130, p. 79), Cenometra (fig. 122, p. 79, and part 1, fig. 87, p. 143), Colobometra,

Cyllometra, Decametra, Oligometra, and C'otylometra, as well as in some

forms of certain species of Lamprometra, it is usually strongly developed, taking
the form of broad, thin, rounded processes, usually more or less confined to the

distal half of the ossicles and not occurring beyond the second brachial of the

free undivided arms. In the Calometridse a similar condition is found, but the

lateral processes are more extensive and arise from a greater part of the lateral

borders of the segments. They often are in apposition laterally, so that the lateral

portion of the visceral mass is completely inclosed in a calcareous casing.

The edges of these lateral processes, though very thin, are ordinarily entire

and smooth, for the deposition of calcareous matter in the crinoids in other

directions than that of rapid directive growth always leaves a clean, smooth edge
such as is seen on the posterior borders of the orals as contrasted with the opposite

growing angles; but in a few forms, such as Cotylom-etra ornata, and the species

of Pectinometra, they are regularly serrate or coarsely denticulate always, how-

ever, with a smooth margin to the minor processes.

In very many of the genera which have the arm bases flattened against each

other, especially those in which the IIBr series are 4(3+4), the whole lateral

border of the ossicles appears to have been pushed outward so that the ossicles are

sharply flattened laterally, yet when viewed dorsally appear to be strongly convex

dorsally with narrow, produced, and flattened borders. This is characteristic of

the species of Amphimetra, Heterometra, and Craspedometra of the Himeromet-

ridse, of Crinometra, Crossometra, Perissometra, Pachylometra, and Glyptometra
of the Charitometridse, of certain species of Thalassometra, and is seen in a few

species of Dichrometra, Liparometra, Lamprometra, and Mariametra of the Maria-

metridse. In (rh/ptometra the dorsolateral edges of the segments are sometimes

everted and stand out as a thin interradial keel.

In Pcecilometra (figs. 118, 132, p. 79, and 229, p. 186), which has the division

series and arm bases close together but not quite in apposition, the dorsolateral

border of the ossicles has become produced, resulting in a uniform thin flange-like
border about the edges of the segments of the elements of the IBr series and of the

first brachial pairs.
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The ventrolateral edges of the pinnule segments are less frequently produced
than are those of the earlier brachials. Such production, resembling that of the

elements of the division series and of the first brachial pairs in Stephanometra,
is found in Colobometra and in Comatula, while in Comissia the distal ventral

angle of the pinnulars is produced into a long sharp spine, most marked in G .

peregrina. In a few cases the dorsal outer border of the outer pinnulars may
be more or less extravagantly produced, standing up high above the general
distal profile of the pinnule. This is characteristic of the Comactiniinse, especially

of the genus Comactinia, and is equally well marked in some of the Comasterinse,

most noticeably in Comaster belli. In the genus Nemaster of the Capillasterinse

it also occurs, but is confined to the oral pinnules, not extending for a greater or

lesser distance along the genital pinnules as in the other forms.

Occasionally only the first two pinnule segments are modified. In certain

species of the genera Nemaster, Comatella (fig. 1041, pi. 12), Comatula, and Lepto-

nemOster, and in all the species of the Calometridse, the two basal pinnule seg-

ments bear a high, thin, rounded, dorsal keel. This modification is usually con-

fined to the lower genital pinnules, not occurring, or being but slightly evident,

upon the oral pinnules; in Leptonemaster and in the species of Calometridae,

however, it is most noticeable on P1? rapidly diminishing in intensity distally.

In most of the species of Himerometridse, Mariametridse, Stephanometridse,

Zygometridse, and Colobometridse the segments of the lower pinnules following
the first two are more or less, sometimes very, strongly carinate.

All of the species of the Oligophreata exhibit more or less tendency toward

a styliform or prismatic shape in their pinnules which is occasionally reflected in

their cirri. This is seen in the rhombic section of the cirri in Pectinometra acan-

thaster, and in the rounded triangular section of the cirri in certain of the Colobo-

metridse; in Pterometra (fig. 208, p. 146) the central profile of the cirri has become

more or less sharpened, in the mid-ventral line being produced into a long, sharp,

ventral spine.

In the pinnules whenever the tendency toward a prismatic condition is very

strong any production of the dorsal distal edge becomes localized and shows itself

at the ventrolateral angles and in the mid-dorsal line. This is best shown in

the lower pinnules of such species as Oligornetrti serripinna (fig. 315, p. 227) or

O. carpenteri, and in Heterometra crenulata and H. producta; in a somewhat dif-

ferent aspect it is evidenced in the terminal combs of the species of Comasteridge.

It is traceable in most of the Oligophreata.
Next in frequency to the production of the free edges of the ossicles comes

the development of fine spines over more or less of the dorsal surface. There are

two distinct varieties of this type of ornamentation.

When developed beyond the first brachial pair the projection of the distal

edge of the brachials and the spinosity of the dorsal surface appear to have a

certain connection, for the development of a spinous dorsal surface always begins
at the distal edge of the segments and slowly spreads proximally. In a few species,

as in C'

osmiometra aster (fig. 215, p. 159) nncl in some species of Oceanometra (figs.
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220-222, pp. 168-173) and TJialassometra, the dorsal spinelets are arranged in

regular longitudinal lines, but usually, as in the Comasteridse, they are studded

thickly over the dorsal surface, at first small and fine, but becoming larger and

coarser distally. In certain of the Thalassometridse, as in the genus Asterometra,
there is a tendency for these spines, when developed on the pinnulars, to become

segregated along the crest of the dorsal ridge.
In the Comasteridse all the postradial elements beyond the first brachial pair

are thickly covered with small spines, and this character is of such constancy as to

be of considerable diagnostic value, so that single brachials or pinnulars may
usually be determined as of species of that family by it alone. In the other groups
it is rarely well developed, and when present it is commonly confined to the

brachials, and usually to the outer half of their dorsal side, not occurring, or

being but imperfectly developed upon, the pinnulars and the proximal half of the

brachials. It is most prominent in species with prismatic pinnules.

The spinosity of the elements of the first brachial pairs, of the elements of the

division series, and of the radials, is apparently of an entirely different type and is

of very great systematic significance. Whereas the spinelets on the surface of the

outer brachials and of the pinnulars are directed anteriorly and are much better

developed on the outer part of the segments than on the inner, those on the proximal
ossicles and on the radials are erect, distributed uniformly over the plates or form-

ing borders around the edges of the dorsal surface which are of the same width

proximally as distally and are composed of spinelets of equal size.

In the genera Oceanometra (figs. 220-222, pp. 168-173), Thalassometra (figs.

223, 224, pp. 175, 177), Stylometra (fig. 219, p. 166), Sarametra (part 1, fig. 109, p.

175), and Zenometra the radials, division series, and lower brachials are always
covered with fine spines, these furnishing valid generic and specific characters of

the highest importance. Typically these spines are uniformly developed all over

the dorsal surface of the ossicles, but in certain species they are much larger along
the borders. In the genus Crinometra (figs. 678-683, p. 338) the radials, division

series, and first brachial pairs are usually thickly covered with small spines or

tubercles of various sizes. These may be arranged in horizontal rows, as in

C. gemmata (fig. 679, p. 338), or may be quite without arrangement; they may be

entirely and well separated, or confluent.

The species of Mariametra (figs. 196, p. 124, 197, p. 125, and 684, p. 338) also

have spinous radials, division series, and first brachial pairs, but the center of the

ossicles is always smooth and obscurely carinate, the keel being sometimes more or

less tubercular. A similar condition also occurs in certain species of Cosmiometra
and of Crinometra.

Like the development of spinosity on the dorsal surface of the postradial

ossicles, the development of a median dorsal carination appears to be divisible into

two types, each quite distinct from the other, though both often occurring together,
and both reaching their maximum in the same groups. In one type only the outer

brachials are affected, from the first or second syzygial pair onward (more rarely

only the distal brachials), and in the second only the division series and first
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brachial pairs, together with the radials. The first type is always accompanied by
a strong lateral compression of the brachials, and the carination has a tendency to

lean anteriorly, taking the form of a more or less broad overlapping spine. The

second type is, on the other hand, accompanied by a considerable broadening of the

plates affected, and the carination is perfectly erect.

Carination of the distal brachials does not occur unless those segments are

smooth dorsally; but carination of the division series and first two brachials is

almost invariably accompanied, as in Crinometra (figs. 678, 680, 683, p. 338), Maria-

metra (fig. 684, p. 338), Glyptometra, Perissomctra (fig. 658, p. 329), Cotylometra

(fig. 199. p. 129), Oceanometra (figs. 220-222, pp. 168-173), and Thalassometra

(fig. 224, p. 177), by a spinous or tubercular modification of the dorsal surface.

In the Comasteridse a very thin, narrow, low, and inconspicuous median eleva-

tion which can be detected only with difficulty occurs more or less constantly on

the brachials of certain species of Comatula, and in Comatonia a few of the lower

brachials have the central portion elevated into a blunt keel with a spinous crest.

Except for these cases neither type of carination is ever found in the Comasteridse

other than as a rare variant, nor in the Zygometridse, Himerometridse, or Stephano-
metridae. Proximal carination occurs in all the species of Mariametra (figs. 196,

p. 124, 197, p. 125, and 684, p. 338), though never found in those of Dichrometra,

Oxymetra (fig. 195, p. 122), or Pontiometra (fig. 194, p. 120), and in Cotylometra
ornata (fig. 199, p. 129), though not in C. gracilicirra nor elsewhere in the Colo-

bometridse. In the Tropiometridse distal carination is characteristic of all the

smaller species of Tropiometra (fig. 173, p. 89), but is not found in the two largest.

It occurs in all of the species of Calometridae, in one genus of which there is also a

very slight proximal carination in a few of the species.

It is in the Thalassometridae that both types attain their maximum develop-

ment. In the Ptilometrinae the distal carination is excessive, though usually it does

not occur on the lower part of the arm
;
but certain species of Asterometra (those

allied to A. longicirra [figs. 206, 207, pp. 143, 145]) and of Pterometra (those allied

to Pt. trichopoda [fig. 208, p. 146]) may possess very strongly marked proximal

carination, this reaching its maximum in some of the species of the former (figs.

206, 207, pp. 143, 145), though entirely absent from others (fig. 209, p. 149, and part

1, fig. 94, p. 155). In Stiremetra and in Cosmiometra (figs. 213, 214, pp. 155, 157)

only proximal carination occurs, in the latter being only faintly evident. In

Stylometra (fig. 219, p. 166, and part 1, fig. 35, p. 73) only distal carination is found,

here, however, reaching its greatest development. In Parametra both types are

found, the distal, except in one species (fig. 218, p. 164), strongly marked, the

proximal scarcely noticeable. In Thalassometra both types are found, though
never in the same species. In Oceanometra gigantea (fig. 220, p. 168) the proximal
carination is curiously restricted to the second element of the first brachial pairs

and to their morphological reduplications, never occurring on any of the other seg-

ments. The species of Stenometra (fig. 211, p. 152) and Daidalomctra (fig. 212, p.

153) have all the postradial ossicles very strongly carinate.
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In the Charitometridae no true carination is found, either proximal or distal.

In the genera Crossometra (figs. 673, 675, p. 335), Perissometra (figs. 658, p. 329,

and 670, p. 335, and part 1, fig. 100, p. 162), Pachylometra (figs. 671, 672, p. 335),

Chondrometra (part 1, fig. 99, p. 160), Chlorometra (fig. 228, p. 184), Calyptometra

(figs. 676, 677, p. 338), and Crinometra (figs. 678-683, p. 338, and 674, p. 335) the

dorsal surface of the division series and lower brachials is commonly tuberculated.

These tubercles may be coarse, low, and irregular as in Chondrometra robusta,

Perissometra lata (fig. 658, p. 329), or Crossometra investigatoris (fig. 673, p. 335),

or they may be small, high, and subequal in size as in Crinometra margaritacea

(fig. 683, p. 338). Often a generally rugose or tuberculated surface bears a median

line of high rounded tubercles, as in Perissometra selene (fig. 227, p. 182) or in

Crinometra concinna (fig. 678, p. 338), or a more or less sharp median carination

standing out prominently as in Glyptometra tiiberosa. In these genera the median

line of the division series and of the first brachial pairs is usually occupied by

larger tubercles than the remainder of the dorsal surface, or it may, as in Maria-

metra subcarinata (fig. 684, p. 338), be quite smooth, the tubercles being confined

to the interradial areas. In Aglaomctra eupedata (fig. 225, p. 179) each of the

elements of the IBr series has a single large rounded tubercle on either side.

None of the macrophreate species possess any trace of either type of carination.

In certain of the Macrophreata (part 1, figs. 112, p. 179, and 110, p. 176),

much more rarely in the Oligophreata (figs. 192, 193, 200, pp. 115, 117, 130, and part

1, fig. 86, p. 141), the articular fulcral ridges of the apposed joint faces are pro-

duced outward, forming strong and very prominent tubercles. The tubercles

formed at the synarthries are always larger than those formed at the oblique
muscular articulations, and they are more prominent as they occupy the median

dorsal line; these are known as synarthrial tubercles. The tubercles formed

at the oblique muscular articulations only occur between the more or less oblong
brachials at the base of the arm (fig. 233, p. 193, and part 1, fig. 121, p. 189) ;

they are from four to eight in number and rapidly diminish in size distally.

Their prominence is not necessarily correlated with that of the synarthrial tubercles.

Synarthrial tubercles are rather strongly developed in all of the larger

Antedonidae; they are very prominent in the Zenometrinse, especially in Psathyro-
metra (part 1, fig. 110, p. 176), and reach their maximum in the genus Perometra

(part 1, fig. 112, p. 179) and in Neometra diana (fig. 200, p. 130). Curiously

enough, they are equally large in the oligophreate Amphimetra ensifer (part 1,

fig. 86, p. 141) and well developed in A. discoidea, though obsolete or quite non-

existent in all the other oligophreate forms, as well as in the Atelecrinidse and
in the Pentametrocrinidae.

When the articular tubercles between the proximal arm ossicles are developed
the arm base is said to be tubercular. As the tubercles alternate with each other

on either side of the arm the effect is very characteristic (fig. 233, p. 193, and

part 1, fig. 121, p. 189).
Such tubercular arm bases are characteristic especially of the species of

Heliometrinse and Pentametrocrinidse among the macrophreate forms, and of
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Heterometra crenulata and H. philiberti among the oligophreate. They are

found, rather less developed, in Perometra (part 1, fig. 112, p. 179), Asterometra

(fig. 209, p. 149, and part 1. fie. 94. p. 155), and Ptilometra, and in certain other

of the larger and stouter species of many other genera.

In many oligophreate species specimens are often found with a white or very

light mediodorsal line along the division series and the arms, this line being
1

usually bordered on either side by a narrower dark or black line. Very fre-

quently this line resembles a mediodorsal carination so closely as to be with

difficulty distinguished from it, and the confusion is increased by the fact that

both the line and the carination very often, as in certain species of Comatula,

occur together. Such a dorsal stripe is invariably found in the species of the

genera Eudiocrinus and Cotylometra and usually in the species of Colobometra and

Pterometra. It is very common in all of the species of Comatula and in many
of those of ComantJius and Comanthina, as well as in various species of Cyllo-

metra and Pontiometra, and in Oligometra serripinna.

A somewhat less common condition is a narrow black mediodorsal line. Such a

line is seen in Coccometra nigrolineata, in Mariametra margaritifera, and in many
of the species of Comaster, in all of which it is fairly constant. Only in Maria-

metra margaritifera, however, does it cover a median carination.

The ornamentation of the proximal ossicles by the development of spines

or tubercles on the dorsal surface or by the development of spines along their

borders indicates a primitive type and is characteristic of the young of many
species, of which the adults are almost or quite unornamented. Thus in Helio-

metra glacialis the elements of the division series and the lower brachials of

the young have very spinous borders which are entirely lost later in life, while

in many of the species of Thalassometra the young have an excessive development
of spines on the borders of all the proximal ossicles, which in the adults are nearly,

or even quite, smooth.

Thus by a study of this type of ornamentation we are able to judge more or

less accurately of the comparative phylogenetic importance of many genera and

species and are able to appreciate the fact that the extremely ornate species of

such genera is the West Indian Crinometra and Stylometra are really more primi-

tive than the corresponding species of the closely related, but far less ornate,

species of the East Indian genera Crossometra, Perissometra, Monachometra,

Pachylometra, and Cosmiometra; and also that the spinous or tuberculous species

of such genera as Glyptometra, Parametra, Cosmiometra, and Thalassometra

occurring in the central East Indian region are more primitive than the much

less spinous or tuberculous species of the same or closely allied genera occurring

in southern Japan, the Hawaiian Islands, New Zealand, or the Lesser Sunda

Islands. Similarly, it is evident that the species belonging to the genera character-

istic of the Antarctic region, all of which are noticeable for the development of

spines or keels on their ossicles, are more primitive than the species of the genera
characteristic of the Arctic region, all of which are smooth, though spinous when

young.
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PHBISOMIC PLATES.

The perisomic plates as usually understood are the plates developed within,

and entirely confined to, the integument of the ventral surface. They vary very

considerably in size in different species, and even in different parts of the same

individual. Though in general their shape and manner of occurrence is fairly

uniform, it is sometimes quite fortuitous; usually they are quite irregular, but in

places where the integument is more or less modified or assumes a special form, as

along the raised borders of the disk ambulacra or in the so-called lappets fringing

the sides of the ambulacral grooves of the arms and pinnules, the included calcareous

deposits are cast or molded during formation into definite shapes. This is espe-

cially noticeable in the case of the covering, or side and covering, plates which occur

along the brachial and pinnule ambulacra forming such a characteristic feature in

the Calometridse, Thalassometridse, Charitometridfe, and (covering plates only)
certain genera of the Capillasterinae.

Originally the body of the crinoid was entirely inclosed within a calcareous

capsule consisting of a central plate (commonly represented by a stem), three

alternating rows of calyx plates of which the last bore processes on their outer

borders, and a circlet of five apical plates (orals) about the pole opposite the central

plate the individual elements of which agree in orientation with the elements of the

middle row of calyx plates. Such a condition is seen in the pentacrinoid young of

the comatulids after the formation of the arms.

Development from this type has been through the reduction of the calyx plates

row by row and the resorption of the orals, so that a progressively increasing part
of the body wall of the animal was left unprotected by the original covering.

In most of the comatulids this process has been carried so far (part 1, fig. 74,

p. 127) that the representatives of the original calyx plates now merely form a

small button beneath the center of the visceral mass, which rests mainly on the arm

bases, with its entire ventral and much of its lateral and dorsal surface exposed.
As the original calyx plates withdraw, leaving areas of unprotected perisome,

new skeletal elements in the form of minute spicules appear in the latter, which

may persist as spicules of various shapes and sizes, or may develop into more or

less perfected plates.

The first vestiges of the calyx plates (fig. 1200, pi. 31) are in all ways similar

to the spicules in the perisome, but while the latter ordinarily do not develop, or

develop irregularly, the former grow very rapidly and regularly into definite cal-

careous structures (figs. 1200, 1197, 1196, pi. 31). The fact that the perisomic

spicules sometimes develop rapidly and regularly into very definite and highly

complicated plates, as in the case of the side plates on the pinnules of the species of

Calometridte (figs. 835-842, p. 405), ThalassometridEe (figs. 859-866, p. 419), and
Charitometridse (fig. 816, p. 385), shows that there is no tangible fundamental

difference between the primary and the perisomic plates.

The perisomic plates, ontogenetically similar to the primary plates, and wher-

ever this is possible running the same developmental course, must therefore be
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regarded as an exactly similar body covering the development of which is induced

by the atrophy or cessation of development of the primary plates. The reason

that the perisomic plates are very rarely so perfected as the primary plates is prob-

ably to be found in the much greater general mobility of the areas where they are

formed, which tends to separate the mesodermic lime depositing cells into small

groups, thus inducing the formation of a great number of individual spicules,

instead of allowing these cells to lie in broad areas and thus permitting a few

spicules to develop into large plates.

If this is so, then the perisomic plates represent phylogenetically the most

primitive type, and we are led to the hypothesis that the original covering of the

crinoid body essentially resembled that of the holothurians (figs. 782. p. 366, and

790-792, 796, p. 372), and that this covering developed into a complete calcareous

investment comparable to that of the echinoids; in the later types wherever and

whenever the latter is suppressed the former immediately reappears.
Woodland states that in the disk of Antedon bifida, which he studied at

Plymouth, the majority of the spicules lie toward the inner side of the soft integu-
ment and are of two kinds, the imperforate thin "

glasplattchen
" of comparatively

wide diameter and concentrically marked, and the ordinary perforated plates

which, however, often assume a very irregular shape and occasionally become mere

branching structures. All transitions are to be found between the
"
glasplattchen

"

and the ordinary perforated plates; the former, however, are much more common
and exist in great numbers. The imperforate plates each originate as a spherical

granule contained within a single cell
;
this granule gradually becomes larger and

early assumes the plate-like form. Thus there is no rod or triradiate stage in the

growth of these plates, and the plate is never of the perforate type. The nucleus

of the original mother scleroblast divides at an early stage of growth of the spicules,

and the number of nuclei present at different stages of growth (a score or more on

fully developed plates) is strictly proportionate to the size attained by the spicule.

These large, thin, squamous spicules of Antedon exist in great numbers. They are

very easily decalcified in virtue of their extreme thinness. The dark granules so

common in the scleroblasts of many Cucumariidse are also present in the sclero-

blasts of Antedon.

P. H. Carpenter noted that the margins of the ambulacra of the disk, arms,
and pinnules of the comatulids are rarely, if ever, perfectly free from any traces

of calcareous structures, which may take the form of simple short spicules almost

entirely limited to the marginal leaflets, or may be forked and branching spicules
of various shapes and sizes.

The spicules in the ventral integument of Comactinia echinoptera were long

ago figured by Carus.

Present within the integument in all of the comatulid groups the perisomic

spicules are often, as in Antedon mediterranea and in the Macrophreata generally,
of small size and quite invisible exteriorly. When this is the case the species is

said to have an "
unplated

"
disk. They may, however, become enlarged and stand

out from the integument as calcareous plates or nodules of various sizes and shapes,
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either isolated or in groups, as seen in Antedon petasus (fig. 747, p. 349) and in

C'omatula Solaris. In many cases they are so frequent as to form a more or less

solid plating all over the surface of the disk, as is seen in the Zygometridse (figs.

1155-1157, pi. 25), Thalassometridse, and Charitometridse (figs. 1159-1161, pi. 26),
and especially in the Calometridse (figs. 735-737, p. 349). When this occurs the

disk is said to be "
plated."

In the young comatulids and in the later pentacrinoids there are, so far as we

know, no perisomic plates other than those bordering the arubulacral grooves which

appear almost simultaneously with the latter.

In the young of Comactinia meridionalis, and probably also of other com-

asterids, large thin fenestrated plates forming an uninterrupted layer appear in

the integument during the later pentacrinoid stages, when there are as yet only five

cirri, the orals have scarcely commenced to undergo resorption, the mouth is central,

and the digestive tube makes but a single coil. As the orals are resorbed these

plates also gradually disappear from the ventral surface of the disk, persisting,

however, until considerably later in the lateral perisome between the arms. Some
time after the complete elimination of these plates the perisomic plates of the usual

type appear.
The plating on the disk of the young of Thaumatocrinus renovatus (part 1,

fig. 117, p. 183), as described and figured by P. H. Carpenter, is probably of the

same nature.

These plates are probably to be interpreted as homologous with the plates

covering the disk in certain palaeozoic types, those in the laterodorsal interbrachial

regions (part 1, fig. 412, p. 317), which are larger, more solid, and more per-

fectly formed, being the representatives of the interradials and interbrachials.

They exist only so long as the narrow perisomic areas between the outer borders

of the orals and the radial circlet are held taut and inflexible by the surround-

ing plates. When with the resorption of the orals and the retreat of the basals

these areas increase in size and movements of the external surface due to the

movements of the internal organs take place they soon disappear.

They are thus in reality primary plates of the disk that is to say, plates

which have reached the maximum development possible under the mechanical

limitations imposed by slight general perisomic movement. Their successors, the

so-called perisomic plates of the disk, as a result of the great increase in the

mobility of the surface of the disk during the growth of the animal, usually

remain at a much earlier developmental stage.

The persistence of the plates in the interbrachial areas is due to the fact

that amplitude of motion here increases very much more slowly than on the disk

and is always very limited.

Comaster belli, C . novceguinece, G. multifida, and Comanthina schlegelii often

have the interradial portions of the lateral perisome, as well as the spaces between

the division series and arm bases, completely covered with a solid pavement of

plates by which the various primary elements are closely cemented together.

These plates are sometimes so developed that each of them appears strongly
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FIGS. 288-301. ARM TIPS AND PBOXIMAL PINNULES OF VABIODS COMATCLIDS. 288. ABM TIP OF PCECILOMETBA

SCALABIS. 289. PROXIMAL PINNULES OF HATHROMETRA TENELLA. 290. PROXIMAL PINNDLES OF LEPTO-

METKA PHALANGIOM. 291. AKM TIP OF TBOPIOMETRA PICTA (CAMERA LUCIDA DBAWING BY AUTHOR).

292. PBOXIMAL PINNDLES OF FLOROMETBA LAODICE. 293. PROXIMAL PINNDLES OF FLOBOMETRA MABIJH.

294. PROXIMAL PINNDLES OF FLOROMETRA ASPERBIMA. 295. PROXIMAL PINNDLES OF PSATHYROMETBA

EBYTHBIZON. 296. PROXIMAL PINNDLES OF COMPSOMETRA SERRATA. 297. LOWEST PINNDLES OF HYPALO-

METRA DEFECTA. 298. PROXIMAL PINNDLES OF COCCOMETBA HAGENII. 299. PROXIMAL PINNDLES OF

PROMETBA OWSTONI. 300. PROXIMAL PINNDLES OF SABAMETRA TBISERIALIS. 301. PROXIMAL PINNDLES

OF IRIDOMETBA ADRESTINE.
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convex on the outer surface, just as do the plates often seen in a similar position

in many of the fossil species.

This plating is always, so far as known, found in Comaster belli, almost

always in Comanthina schlegelii, but only occasionally in the two species of

Comaster, where, however, it reaches its highest development.

I previously regarded these plates as the sum of all the calcareous particles

within the portion of the perisome affected, which have become cemented together

into a uniform granular calcareous sheet, which, with the consequent increase in

rigidity, always maintained sutures along definite lines determined by mechanical

considerations dependent upon the surface movements of the interradial and the

interbrachial integument. There is no doubt that these plates are very frequently,

if not usually, formed in this way, for all stages can be traced in such species

as Comanthina schleyelii; but since the discovery of the large perisomic plates

in the very young of Comactinia meridionalis (part 1, fig. 412, p. 317) and their

persistance until comparatively late in life in the lateral interradial perisome it

has seemed possible to consider these plates in Comanthina and Comaster as the

interradial plates of the very young, which, instead of becoming resorbed, have

been retained and have increased in size correlatively with the general increase

in size of the animal, although the plates on the ventral surface of the disk have

long since disappeared.
These plates usually have a very definite arrangement. At the proximal end

of the series, between the distal ends of, or just above, the radials, there is a single

more or less rhombic plate which is followed by a double column of alternating

subhexagonal plates; rarely there are some additional, usually small, plates

inserted between these two columns.

In the Atlantic species of the genus Antedon (figs. 1018, pi. 7, and 1145, 1146,

pi. 23), as well as in Comatilia iridometriformis and a few other forms (fig.

1143, pi. 23), there are found close down upon the radials in the interradial

portion of the perisome several small plates which may be so closely united

as to appear as a single interradial plate. Thomson supposed that in Antedon

Mfida these are derived from the five minute interradial plates sometimes observed

in the very young, representing the last vestiges of the complete juvenile peri-

somic plating just described in Comactinia meridionalis. He did not trace out the

process of derivation, however, and P. H. Carpenter has suggested that they are

in reality secondary perisomic plates originating in later life.

The perisomic plates on the ventral surface of the disk are ordinarily dis-

tinguishable from those in the lateral interradial areas by the common presence

of perforating water pores, but Carpenter found that these pores are occasionally

present in the plates occupying the interradial areas.

P. H. Carpenter first noticed that in those comatulids which have short and

rounded gonads and plated ambulacra the enlarged part of the pinnule is pro-

tected by a very strongly developed anambulacral plating (figs. 1055, 1057, 1058,

1062, pi. 14), which is m'uch more regular and closely set than that of the disk

and arm bases. Resting upon the four or five middle segments of the short
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FIGS. 802-313. PROXIMAL PINNULES OF VARIODS COMATULIDS. 302. CRINOMETRA CONCINNA. 303. CALYPTO-
METRA LATERALIS. 304. CRINOMETEA IMEHICATA. 305. PROXIMAL PORTION OF ARM OF CRINOMETRA
I.MBRICATA, SHOWING THREE SUCCESSIVE PINNULES ON SAME SIDE. 306. PEWSSOMETRA LATA. 307.
IMMATURE SPECIMEN OF HELIOMETRA GLACIALIS. 308. TROPIOMETRA MACEODISCUS. 309. AMPHIMETRA
DISCOIDEA. 310. STEPHANOMETRA MONACANTHA. 311. CALOMETRA DISCOIDEA. 312. LAMPROMETRA GTGES.
313. DlCBROMETRA DODEHLEINI.
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pinnules there is a double row of large plates which are rectangular at the base

but somewhat more irregular in shape at their upper ends. There are generally
five or six plates in each row, but those of the two sides have no fixed relative

positions, sometimes corresponding exactly and sometimes alternating as exactly.

These are best developed in Pcecilometra (figs. 1057, 1058, 1061, pi. 14). In the

other genera of the Charitometridae they are smaller and much more irregular,

while those of the two sides may be separated by the ambulacrum with its well-

developed side and covering plates.

In Pcecilometra, and in such forms as Perissometra angusticalyx (fig. 1055,

pi. 14) ,
these swollen genital pinnules receive no branches from the brachial ambu-

lacra, resembling in this respect the corresponding pinnules in many of the Comas-

teridse, and the anambulacral plates covering the gonads consequently meet one

another in the midventral line of the pinnule. The sacculi, however, which lie

at the sides of the ambulacra, may extend onto these grooveless pinnules and

occupy small holes between the large protecting plates, while on the outer seg-

ments of the pinnules, beyond the gonads, the sacculi occupy the median groove
on the upper surface of the skeleton.

The presence of this plating over the gonads is not, as was supposed by

Carpenter, confined to those species in which the side and covering plates are

highly developed, but it may occur in any group. It is frequently highly developed
in Heliometra and in Pentametrocrinus.

Plating of the dial:.

Under ordinary examination the disk may appear quite naked, or it may be

more or less covered with calcareous nodules or plates of various sizes which

sometimes form a solid pavement over it. The presence or absence of a calcareous

plating is of considerable importance from a systematic standpoint.

Strictly speaking, the disk always contains limy deposits, even though they

may be invisible exteriorly and microscopic in size. In certain species they are

present in the form of very minute spicules and imperforate plates and are con-

fined to the sides of the ambulacral grooves, but usually they are more or less

uniformly distributed throughout the integument of the disk showing, however,
a strong tendency to become segregated, or at least most strongly developed, along
the ambulacra and in the middle of the interambulacral areas, especially dorsal

to the periphery of the ventral face. Almost invariably the calcareous deposits
are more numerous and larger in the anal area than elsewhere, especially about

the base of or on the anal tube, and frequently this is the only part of the disk

where they are visible.

Speaking broadly, it may be said that among the macrophreate forms the disk

is without noticeable calcareous deposits, while they are usually more or less

evident in oligophreate species. There are, however, very numerous exceptions
to this generalization.

Except for the side and covering plates the perisomic plates are usually
confined to the disk, or at most do not extend beyond the outermost division
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series. Among the Thalassometridse, however, there are several species in which

the entire ventral brachial perisome is plated far out on the arms, more or less

irregular plates being present between the ventral processes of adjacent brachials,

and between the brachials and the side and covering plates.

As a rule, if the disk is well plated side and covering plates are also strongly

developed, but there are several interesting exceptions to this, for instance in

the families Zygometridse, Himerometridse, Mariametridae, Colobometridse, and

Pentametrocrinidse.

Completely plated disks are always entire, and always approach, as nearly as

possible, a spherical form (figs. 734-737, p. 349). Partially plated disks, like

naked disks, may assume any form.

No one has ever studied the disk in Atelecrinus (figs. 1163, 1164, pi. 26) ;
it

contains no deposits visible to the naked eye.

In the species of Pentametrocrinidse no calcareous deposits are visible except
in Pentametrocrinus semperi (fig. 1158, pi. 25) and in P. atlanticus, in which the

disk is well covered with a pavement of small rounded plates. In the young of

Thaumatocrinus renovatus (part 1, fig. 117, p. 183) the perisome between the inter-

radials and the orals is completely covered with plates, as in the young of

Comatilia iridometriformis (part 1, pi. 2, fig. 529) and of Comactinia meridionalis,

but as in these comasterids these plates appear to be resorbed.

In the species of the family Antedonidse the disk is naked except in three genera.

In the curious genus Ei*ythrometra (figs. 666, 667. p. 329) the disk is usually

naked on the ventral surface, but the lateral interradial areas bear two or three

columns of rounded interradial perisomic plates which are not in contact either

with each other or with the adjacent plates of the primary series, and there are

usually additional plates between the first two brachials of the arms of each pair.

Antedon bifida possesses a naked disk, but very frequently there are small clusters

of perisomic plates in the lateral interradial (interprimibrachial) spaces just above

the sutures between the radials, which collectively appear as single interradial

plates (figs. 1145, 1146, pi. 23), while in Antedon petasus (fig. 747, p. 349), and in

the genus Mastigometra (fig. 750, p. 349), in addition to these comparatively large
scattered calcareous nodules are often found on the ventral surface of the disk in

the interradial areas, more particularly in the anal area. Antedon, mediterranea

and A. adriatica (fig. 757, p. 349) have the entire perisome usually without visible

deposits.

In the families Thalassometridse (figs. 738-745, p. 349) and Charitometridse

(figs. 746, p. 349, and 1159-1161, pi. 26) the disk is usually well protected by small

approximately uniform more or less rounded plates, the sides of the ambulacral

grooves being always furnished with a double row of smaller irregular plates set

very close together. While frequently in these families the plates in the inter-

ambulacral areas form a solid pavement which, indeed, often extends outward all

along the perisome of the arms, they are commonly somewhat isolated from each

other and, in some cases, may be widely scattered. The plating found in the

Charitometridse is as a rule rather more highly developed than that found in the
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Thalassometridse, where the interambulacral areas of the disk commonly contain

well-separated and often widely scattered plates. It is in the latter family, how-

ever, that the most perfect plating of the brachial perisome occurs. In Stylometra

(fig. 743, p. 349) the perisomic plates are more or less conical and have a spinous

appearance, a condition which is carried even further in Pcecilometra (fig. 1161,

pi. 26), though here the pointed ends are not so sharp.

The Calometridse (figs. 734-737, p. 349) possess the most substantial plating

found in the recent crinoids, the plates being large and firmly united with each

other, so that the visceral mass is inclosed in a solid inflexible dome. This plating
is characteristic of the family and is developed at a very early age. It causes the

visceral mass to present a globular appearance which, on account of the rigidity

of the structure, is not affected by shrinkage in alcohol, so that a detached disk of

any of the species of this family is recognizable at sight. The calcareous plating
of the disk in the Calometridse is quite superficial, and it is firmly attached to the

subjacent soft structures only along the ambulacra, so that shrinkage on preserva-
tion merely causes the formation of cavities below the interambulacral areas of the

plated vault without in any way altering the external shape. In certain species

the dorsal angles of the lateral perisome just above the sutures between the radials

are protected by plates which are rather smaller than those on the ventral surface,

and each of these plates rises into a sharp conical protuberance (fig. 736, p. 349)
like the plates in Stylometra (fig. 743, p. 349, though rather more regular in form.

In the disks of the species of the family Tropiometridse (figs. 729-733, p. 346)
no plating is ever visible.

The disks of the species of Colobometridse (figs. 727, 728, p. 346) are usually

unplated, but in Colobometra diadema (fig. 728, p. 346) a complete pavement is

found, the interambulacral plates being especially large, while in 0. vepretum (fig.

727, p. 346) there may be plates about the base of the anal tube.

In the genera Zygometra (figs. 710, 711, p. 346, and 1155-1157, pi. 25) and
Eudiocrinus (fig. 712, p. 346) the disk is completely plated, much as in the Calome-

tridse (figs. 734-737, p. 349), though the plates are less closely united and usually
somewhat smaller. In Catoptometra the plating is fairly complete, but is usually
more or less undeveloped in the interambulacral areas.

Many, if not most, of the species belonging to the family Comasteridse (figs.

685-709, p. 341, 1142, 1144, 1147, 1148, pi. 23, 1149-1153, pi. 24, 1154, pi. 25, and

1165, pi. 26) develop large scattered irregularly rounded calcareous concretions in

the interambulacral areas, more particularly in the anal area
; but, contrary to what

is usually the case, these are commonly unaccompanied by prominent plates along
the sides of the disk ambulacra. Occasionally these concretions become so abundant
on and about the base of the anal tube as to form a fairly complete covering, though
as a rule they are sparsely distributed.

In the Mariametrida3 (figs. 719-725, p. 346) there is no plating visible on
the disk except in the genus Mariametra (figs. 721-723, p. 346). In this genus the

disk is strongly plated and may be entirely covered by a pavement of small plates.
The disk in Pontiometra (figs. 724, 725, p. 346) appears naked, and for systematic
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FIGS. 314-335. PROXIMAL AND MIDDLE PINNULES OF VARIOUS COMATULIDS. 314. PROXIMAL PINNULES op
NEOMETHA MULTICOLOR. 315. PROXIMAL PINNULES OF OLIGOMETRA SERRIPINNA (AFTER CHADWICK).
316. PROXIMAL PINNULES OF PTILOMETRA MULLERI. 317. PROXIMAL PINNULES OF THALASSOMBTRA
PUBESCENS. 318. PROXIMAL PINNULES OF STYLOMETRA SPINIFERA. 319. PROXIMAL PINNULES OF PERO-
METRA DIOMEDE.E. 320. PROXIMAL PINNULES OK CALOMETRA CALLISTA. 321. PROXIMAL PINNULES OF
HOR^EOMETRA DUPLEX. 322. PROXIMAL PINNULES (WITH PRECEDING PINNULE BORNE BY DIVI-

SION SERIES) OF OCEANOMETRA GIGANTEA. 323. PROXIMAL PINNULES OF THALASSOMETRA VILLOSA.
324. PROXIMAL PINNULES OF AUSTROMETRA THETIDIS. 325. PROXIMAL PINNULES OF COLOCOMHTRA
DIADEMA. 326. PROXIMAL PINNULES OF HIMEROMETRA MARTBNSI. 327. MIDDLE PINNDLES OF PROMETRA
OWSTONI. 328. MIDDLE PINNULES OF IRIDOMETHA ACRESTINE. 329. LOWER; MIDDLE PINNULES OF
LEPTOMETBA PHALANGIUM. 330. UPPER MIDDLE PINNULES OF LEPTOMETRA PHALANGIUM. 331. MIDDLE
PINNULES OF COCCOMETRA HAGENII. 332. MIDDLE PINNULES OF OCEANOMETRA GIGANTEA. 333. MIDDLE
PINNULES OF FLOROMETRA ASPERRIMA. 334. MIDDLE PINNULES OF CALOMETRA CALLISTA. 335. MIDDLE
PINNULES OF COMPSOMETRA SERRATA.
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purposes it must be classed as naked
;
but it is rough to the touch, and Carpenter

noticed that when touched with acid the disk of Pontiometra andersoni effervesced

strongly, demonstrating the abundance of lime in its composition.
In the Himerometridse (figs. 713-718, p. 346) certain species of AmphiTnetra,

as A. ensifer and A. schlegetii, have the cutis of the disk filled with small rounded

plates resembling those seen in Pentametrocrinus semperi (fig. 1158, pi. 25), while

in Himerometra (figs. 713-715, p. 346) larger and more scattered concretions much
like those present in certain comasterids are sometimes found situated in the deeper

layers.

The relationships between the several types of disk and the various systematic

groups is summarized in the following table :

A. Naked.

B. Small interradial plates only.

C. Complete dorsal interradial plating, but no ventral plates.

D. Scattered thick nodules.

E. Very numerous, thin, noncontiguous plates, not projecting above the general
surface of the disk.

F. Larger, thicker, conspicuous, projecting, and, especially along the ambu-

lacral grooves, more or less contiguous plates.

G. A complete perisomic plating.

a. Disk entire.

b. Disk incised.

Comasteridse, A, B, C, D, a.

Zygometridae, F, G, a, b.

Himerometridse, A, D, E, a, b.

Stephanometridse ; Atelecrinidae, A, b.

Tropiometridse, A, a.

Mariametridse, A, F, G, b.

Colobometridse, A, F, G, a, ~b.

Calometridse, G, a.

Thalassometridse, F, b.

Charitometridse, F, G, b.

Antedonidse, A, B, D, a.

Pentametrocrinidse, A, E, b.

.s'irfe anil eorcring plates.

The perisomic skeleton of the arms and pinnules in the comatulids was first

noticed in 1866 in Antedon bifida (pi. 50, fig. 1335) by W. B. Carpenter; in this

species, however, it disappears before the adult stage is reached.

In 1868 Michael Sars described the characteristic rods in the ambulacral

lappets of Hathrometra sarsli (fig. 1174, pi. 27).

In a semipopular article published in 1880 P. H. Carpenter figured highly

developed side and covering plates comparable to those of the pentacrinites which
he had found in a new comatulid (subsequently called accela) dredged by the
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Challenger. In 1881 he described similar plates in Stylometra spinifera, and in

1884 in Thalassometra lusitanica.

In his memoir on the stalked crinoids of the Challenger expedition published
in 1884 Carpenter wrote that the margins of the ambulacra of the disk, arms,

Fios. 336-350. PINNULES or VARIOUS COMATULIDS. 336. MIDDLE PINNULES OF NBOMETRA MDLTICOLOE.
337. MIDDLE PINNULES OF STYLOMETRA SPINIFEHA. 338. MIDDLE PINNULES OF THALASSOMETRA
PCBESCENS. 339. DISTAL PINNULES OF NEOMETRA MULTICOLOR. 340. ABOUT THE NINTH PINNULE OF
AUSTROMETRA THETIDIS. 341. DORSAL VIEW OF GENITAL PINNULE OF AUSTROMETRA THKTIDIS. 342.

DISTAL PINNULES OF COMPSOMETRA SEHRATA. 343. DISTAL PINNULES OF PTILOMETRA MULLERI. 344.

DISTAL PINNULES OF OCEANOMETRA GIOANTEA. 345. DISTAL PINNULE OF HELIOMETRA QLACIALIS. 346.

DISTAL PINNULES OF LAMPROMETRA GYGES. 347. DISTAL PINNULES OF HIMEROUETRA MARTENSI. 348.

DISTAL PINNULES OF PROMETBA OWSTONI. 349. DISTAL PINNULES OF AMPHIMETHA DISCOIDEA. 350.

DISTAL PINNULES OF THALASSOMETRA VILLOSA.

and pinnules are rarely, if ever, perfectly free from any traces of calcareous

structures; they may take the form of simple short spicules, which are almost

entirely limited to the marginal lappets, or they may be forked and branching

spicules or rounded cribriform plates of variable size which are movable and
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can be everted or closed down over the grooves. At the same time he figured the

highly developed side and covering plates in Paicilometra acosla (fig. 1169, pi. 27),

Perissometra angusticalyfc, Aglaonietra incerta (fig. 1166, pi. 27), Pachylometra

incequalis (fig. 1168, pi. 27), and GJiaritometra basicurva (fig. 1167. pi. 27), species

collected by the Challenger and described in 1888.

In 1886 Carpenter found highly developed side and covering plates in an

arctic species which he called Antedon brtrentsi, and which since has proved to be

an inconstant variation of Heliometra glacialis.

In his memoir on the comatulids of the Challenger expedition published in

1888 Carpenter used the occurrence of highly developed side and covering plates

as the chief criterion for systematic differentiation in the multibrachiate endocyclic

types and as a secondary character of the highest importance in the 10-armed

endocyclic forms. But, excepting in those species in which they are very highly

developed, belonging to the families Calometridse, Thalassometridae, and Charito-

metridse, he does not mention the ambulacral armament at all, and even in them
his figures and descriptions appear to have been based upon dried material, there

being no evidence that he ever isolated and studied the plates. Carpenter denied

the existence of an ambulacral skeleton in the Comasteridae.

Dr. Clemens Hartlaub in 1895 described in detail and figured the side and

covering plates in a new species of Thalassometra, Th. agassizii (figs. 1171, 1172,

pi. 27). The figure, drawn from material treated with hot caustic potash, shows

large side plates parallel with the borders of the pinnulars, alternating with

small side plates at right angles to these which bear the covering plates.

Hartlaub suggested a new division of the species of the genus Antedon as

then understood, placing all the forms with "
plated ambulacra " in one series,

which he called Series I, and all those with "
unplated ambulacra " in another

series. Series II. But in his Series I he puts Carpenter's
"
Elegans Group" (the

genus Zygometra) ,
in which the ambulacra are "

unplated
" and also Carpenter's

"Basicurva Group," which, as outlined by Carpenter, contains species with
"
unplated

" as well as with "
plated

" ambulacra. Similarly, in his Series II he

includes the " Eschrichti Group" of Carpenter (Heliometra, Solanometra, and

Florometra) containing species which occasionally have the ambulacra heavily

plated.

In 1902, Mr. Frank Springer described a new comasterid, Nemaster iowensis,
from Florida, in which the ambulacra are bordered with highly developed covering

plates, a feature not hitherto noticed in the family.
Dr. Th. Mortensen in 1903 described and figured large and well-formed ambu-

lacral plates in a specimen of Heliometra glacialis from East Greenland, as well

as the ambulacral rods of Hathrometra prolixa. In 1910 he described and figured
another type of ambulacral rod in Hathrometra prolixa, as well as the spicules in

the tentacles
;
and in 1918 he described the side and covering plates and the spicules

in the tentacles in Notocrinus ririlis (figs. 1329, 1330, pi. 49) and Isometra vivipara

(figs. 1328, 1331, pi. 49) and determined the complete absence of both types of

deposits in Thaumatometra nittrix.

The description of the ambulacral armature and of the spiculation of the

tentacles in a representative series of comatulids follows :
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Family COMASTERID^.

Comatella nigra. Excepting for a superficial layer of very numerous and

very minute spicules no calcareous deposits could be detected in the thick ventral

perisome.
No calcareous bodies were found in the tentacles.

Comatella stelligera. The conditions are the same as in the preceding species.

Comatella maculata. The conditions are the same as in the two preceding

species.

Neocomatella pulchella (figs. 782, p. 366, and 792, p. 372). Toward the distal

end of the outer pinnules where they are most developed the calcareous deposits in

the perisome of the pinnules are in the form of very thin and delicate calcareous

films, one to each of the ambulacral lappets, very irregular in outline and con-

siderably elongated at right angles to the pinnulars. The deposits usually,

however, consist of a series of very slender and irregular forked or branched

rods, in general lying at right angles to the edge of the pinnulars, intermingled
with spicules, forming a layer of irregular spicules and rods. In the proximal
two-thirds of the pinnules this layer is composed mainly of branched spicules

more or less evenly spaced and with no definite orientation, forming an inter-

rupted reticulation, but distally the spicules gradually give way to evenly spaced

rods, two or three to a pinnular and at right angles to their borders.

Small spicules are present in the tentacles.

Neocomatetta alata. Toward the distal end of the outer pinnules, where

they are most developed, the calcareous deposits are in the form of very thin

and delicate calcareous films, very irregular in shape, rather large, somewhat

longer at right angles to the pinnules than broad at the widest part. The deposits

are usually reduced to a series of slender, irregular, branched or forked rods inter-

mingled with spicules, forming an interrupted reticulation in the perisome of

the pinnule which in their distal third gradually transforms into a series of

more regular and evenly spaced rods at right angles to the pinnulars.

The tentacles contain irregular spicules and occasionally long and very narrow

cribriform films.

CapUlaster gentosa. Except for numerous minute superficial spicules the

ventral perisome of the arms and pinnules appears to be without calcareous

deposits.

No spicules were detected in the tentacles.

CapUlaster multiradiata. Toward the ends of the distal pinnules the apices

of the ambulacral lappets contain small calcareous films which may be continued

downward toward the pinnulars in the form of very narrow extensions; the

lateral perisome of the pinnules contains more or less regularly spaced rods stand-

ing at right angles to the borders of the pinnulars. In most pinnules no calcareous

deposits could be found.

There appear to be no spicules in the tentacles.

CapUlaster coccodistoma. I was not able to find any calcareous deposits in

the brachial or pinnular perisome of this species.

142140 21 Bull 82 17
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There appear to be no deposits in the tentacles.

Nemaster grandis. Each ambulacral lappet contains a large and conspicuous

plate, very thin and delicate, triangular in shape with the outer apex rounded

and somewhat produced. There are about three of these to a pinnular.

Nemaster iowensis. Each ambulacral lappet contains a large and conspicuous

triangular plate, there being about three of these to a pinnular.
It was in this species that an ambulacral skeleton was first noticed in the

family Comasteridse. The deposits were described and figured by Mr. Frank

Springer in 1903.

Nemaster rubiginosa (fig. 781, p. 366). Each ambulacral lappet contains a

very thin and delicate conspicuous large, rounded, triangular plate, of which there

are about three to a pinnular.
Nemaster discoidea. I have been unable to detect any calcareous deposits in

the brachial or pinnular perisome of this species.

Comissia peregrina. There appear to be no calcareous deposits in the brachial

or pinnular perisome of this species.

Comissia, liitkeni. The lateral perisome of the pinnules in this species is

almost naked, containing merely a few very slender and inconspicuous usually

widely scattered spicules.

The spicules in the tentacles are very highly developed, forming a continuous

layer along the outer side, reaching nearly to their tips.

Commisia littoralis. The lateral perisome of the pinnules and the ambulacral

lappets contain a great number of scattered minute spicules which become longer in

the latter. In lateral view these spicules are seen to form bands from the lappets
to the border of the pinnulars, where they intermingle with another band of very
minute spicules running along the latter.

There are no spicules in the tentacles.

Leptonemaster venustus (fig. 783, p. 366). In the lateral perisome of the

pinnules are slender, very delicate, and more or less irregular, sometimes branched,

rods, evenly spaced, lying at right angles to the border of the pinnulars, some-

times in groups of two or three, about three (or three groups) to a pinnular.

Occasionally these become more numerous, forming a very loose and rudimentary
narrow crescentic meshwork about the distal border of the marginal lappets.

The spicules in the tentacles are unusually abundant and often form along
the distal side a continuous meshwork reaching nearly to the tip.

Comatonia wistata (fig. 790, p. 372). The lateral perisome of the pinnules
contains a series of straight and simple very slender rods leaning slightly distally,

usually four to a pinnular, between the bases of which are the large and con-

spicuous sacculi.

The tentacles contain numerous extremely slender spicules, which may form
a continuous layer along the outer side nearly or quite to the tip.

Comatilia iridometriformis (figs. 803-805, p. 378; see also figs. 763, 764, p.

353). Large, conspicuous, and well-formed plates are present, five to each two

pinnulars. These are considerably higher than the lateral diameter of the pin-
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nulars, extend outward and slightly distally, and are somewhat more than twice as

long as broad and strongly constricted centrally, so that they appear as two similar

circles joined by a broad neck. Their reticulation is very fine, and the borders are

regular, though unfinished.

The integument over the genital glands contains irregular plates and spicules
of various sizes, which are not in contact with each other.

The tentacles contain numerous spicules in the proximal portion.
Comatula rotalaria. Along the ambulacral grooves, with their rounded ends

filling the inner ends of the ambulacral lappets and their pointed ends toward the

pinnulars, is a series of thin, but well and definitely formed, pumpkin-seed shaped

plates, about four to each pinnular; between these and the pinnulars the lateral

perisome of the pinnules is occupied by a very loose irregular network of long and
slender spicules, which may toward the distal end of the pinnules broaden into

irregular films several meshes wide
;
at the distal end of the pinnules the pumpkin-

seed shaped plates reach downward to the pinnulars.
Comatula Solaris. The ambulacral lappets are occupied by thin and filmy, but

large and very definite, pumpkin-seed shaped plates, of which there are about four
to a pinnular; between each of these and the pinnulars is a very narrow and

irregular side plate standing at right anglee to the pinnulars, on the outer end of
which the point of the covering plate rests, which is sometimes resolved into a more
or less loose mass of spicules.

Comatula pectvnata. In the middle of the free portion of each of the am-
bulacral lappets is a small plate with unfinished borders, composed of from 6 to 12

hexagonal meshes. The lateral perisome of the pinnules between the ambulacral

lappets and the pinnulars contains only minute spicules.

In the tentacles spicules are very rare or entirely absent.

Comactinia meridionalis. The ambulacral lappets in a specimen from Yucatan
are occupied by extremely thin and filmy plates, which may be of considerable size,

though always irregular, completely filling them, or may be narrowed to a long,

narrow, calcareous band from one to three meshes wide standing at right angles to

the pinnulars.
In a specimen from South Carolina the ambulacral lappets contain a small

group of spicules, which at the most form one or two meshes
; between each of these

and the border of the pinnulars is another, usually smaller, group of spicules ;
in

some cases the two together may form merely a straight or irregular line or band of
scattered spicules reaching from the lappet to the pinnulars.

There appear to be no deposits in the tentacles.

Comatulides australis. There are no deposits in the ventral perisome of the

pinnules, and none in the tentacles.

Comaster novceguinece. The lateral perisome of the pinnules contains nu-
merous large straight or branched spicules, which may form a continuous closely-set
row along the margins of the pinnulars, with which they make a right angle, may
form a loose spiculiferous band which is continued into the lappets, or may be col-

lected in little groups, two or three groups to a pinnular.
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The tentacles contain a conspicuous and continuous layer of spicules along
their outer side, which reaches nearly to the tips.

Comaster minimus. There appear to be no calcareous depsits in the ventral

perisome of the pinnules.
There appear to be few or no spicules in the tentacles.

Comaster multibrachiata. The ambulacral lappets may contain very small

plates, with unfinished edges, composed of from 6 to 12 meshes, which may be

rounded or more or less irregularly elongated toward the pinnulars; but usually

perisomic deposits appear to be absent.

The perisome of the nontentacular pinnules contains numerous small rounded

plates, and quantities of minute rods and spicules.

The tentacles contain a very conspicuous layer of spicules, which are at first

branched, later becoming simple and distally minute, which continues along the

outer side nearly to the tips.

Comaster fruticosus. The lateral perisome of the pinnules contains irregular
rods at right angles to the pinnulars, three to each, or is quite without deposits.

The tentacles contain a continuous layer of small spicules which at first are

branched, later becoming simple and distally very minute, which extends along
their outer side nearly to the tips ;

on account of the almost or quite complete absence

of other deposits these tentacular deposits are very conspicuous.
Com/aster distincta. There appear to be no deposits in the lateral and ventral

perisome of the pinnules.
The genital glands are completely covered by large thin filmy plates.

The tentacles contain a continuous layer of spicules, at first branched, later

becoming simple, and then minute, which reaches nearly to their tips.

Comaster parvus. The lateral perisome of the pinnules contains small and

widely scattered spicules.

The tentacles contain a continuous layer of spicules, which runs along their

outer sides nearly to their tips.

Comaster taviana. Beyond a few widely scattered and inconspicuous spicules

along the borders of the pinnulars the perisome of the pinnules appears to be with-

out deposits.

A continuous band of very small spicules runs along the outer side of the

tentacles almost to their tips.

Comaster delicata. On some pinnules the lateral perisome contains evenly

spaced spicules, usually standing at right angles to the pinnulars, but for the most

part the perisome is without calcareous deposits.

On their outer side the tentacles contain a continuous layer of very small

spicules, which reaches nearly to their tips.

Comantheria briareus. There appear to be no deposits in the ventral perisome
of the pinnules.

A few of the tentacles, in the terminal pinnules and in the distal part of the

others, contain spicules near their bases.

Comantheria polycnemis. There appear to be no deposits in the ventral

perisome of the pinnules.
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Fios. 361-363. PINNCEJD TIPS or SPECIMEN OF COMATELLA NIQRA, RUNNING FROM TIP or ARM TOWARD BASE.
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The tentacles appear to be without calcareous deposits.
Comanthina schlegelii. The lateral perisome of the pinnules is thickly beset

with very minute spicules, which are continued into the ambulacral lappets, where

they become larger and tend to form loose aggregations.
The distal side of the tentacles contains a thin continuous line of minute

spicules.

Comanthus pinguis, The perisome of the pinnules contains a few scattered,

mostly very small, spicules.

I have not been able to detect spicules in the tentacles, which, however, are very
thick and opaque.

Comanthus solaster. The lateral perisome of the pinnules is beset with scat-

tered spicules.

No deposits were detected in the tentacles.

Comanthus japonica. The lateral perisome of the pinnules is beset with
numerous scattered spicules varying, in different pinnules, from minute to fairly

large.

There appear to be no calcareous deposits in the tentacles.

Comanthus trichoptera. The perisome of the pinnules contains minute scat-

tered spicules.

No spicules were found in the tentacles.

Comanthus benhami. The lateral perisome of the pinnules is beset with

very small spicules.

The tentacles contain a band of small spicules along their outer side.

Comanthus wahlbergii. The perisome of the pinnules contains numerous
minute spicules.

There are a few spicules in the tentacles.

Comanthus samoana. The lateral perisome of the pinnules contains scattered

needle-like spicules, mostly at right angles to the pinnulars, which may, especially
in the distal part of the pinnules, extend into the marginal lappets.

The tentacles contain a band of spicules along the distal side.

Comanthus annulata. The perisome of the pinnules appears to be almost

or quite devoid of calcareous deposits.

There appear to be no spicules in the tentacles.

Comanthus parvicirra. Small scattered spicules occur in the perisome of the

pinnules.

There are a few small spicules in the tentacles.

Family ZYGOMETRID^].

Zygometra microdiscus. There appear to be no deposits in the perisome of

the pinnules.

In a specimen from Western Australia each ambulacral lappet contains a

thick and conspicuous narrow plate which runs downward and slightly proximally,
often tapering somewhat, to the border of the pinnulars. Though narrow, these

plates, of which there are four to a pinnular, are quite close together, so that they
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are separated by a space much less than their own width. This condition appears
to be very unusual in this species.

There are no spicules in the tentacles.

Zygometra elegans. Examination of two specimens showed no deposits in the

perisome of the pinnules.
No spicules were found in the tentacles.

Zygometra comata (fig. 779, p. 366). The lateral perisome of the pinnules

between the sacculi and the borders of the lappets contains long needle-like spicules,

most of which lie at right angles to the pinnulars.
There are a very few fine spicules in the tentacles.

Eudiocrinus indivisus. Just beyond the sacculi are numerous long and curved,

sometimes branched, spicules running into the lappets, which lie at right angles

to the pinnulars.

The genital organs are completely protected by large, thin, filmy, and delicate

plates.

The outer side of the tentacles contains a rather broad band of interlaced

spicules which runs nearly to their tips.

The perisomic and tentacular spicules in this species are unusually conspicuous.

Eudiocrimus junceus (fig. 788, p. 366). Each ambulacral lappet contains

usually two similar smooth spicules, an outer and an inner, the adjoining ends

of which overlap more or less. Each is bent at an obtuse angle in the middle.

The outer may be branched or forked at the outer end or may be replaced by
two or three small straight spicules irregularly arranged.

Each tentacle contains at the base a double (distal and proximal) continuous

row of small spicules, which soon coalesce, forming a single row, which, becoming

gradually narrower, is continued almost to the tip. When the tentacle is con-

tracted this row of spicules may be more or less zigzag. These tentacular spicules

are much the most conspicuous of all the deposits.

Eudiocrinus pinnatus (fig. 787, p. 366). The conditions in this species are

essentially the same as in E. junceus.

Eudiocrinus venustulus. This species does not differ essentially from the two

preceding.

Catoptometra magnified. There appear to be no calcareous deposits in the

perisome of the pinnules.

No spicules were detected in the tentacles.

Catoptometra rubroflava. There are no calcareous deposits in the perisome
of the pinnules.

There appear to be no spicules in the tentacles.

Catoptometra hartlaubi. The lateral perisome of the pinnules contains numer-

ous subequal long spicules, usually straight or slightly curved, sometimes branched,

rarely including one or two meshes, which run from the ambulacral lappets

nearly to the pinnulars. Over the genital glands these spicules become shorter

and are practically confined to the ambulacral lappets.

There are a few slender spicules in the tentacles which may form a continuous

row for some distance along the outer side.
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Catoptometra ophiura. Each ambulacral lappet contains a single long spicule,

which from its inner end curves very gradually toward the distal end of the

pinnule. These spicules, which extend from the outer border of the lappets nearly
to the pinnulars, running near the proximal borders of the sacculi, are usually

roughened at each end.

No deposits were found in the perisome over the genital organs.

Family HIMEROMETRID^E.

Himerometra martensi. At the end of the outer pinnules there are occasionally

to be found slender, straight spicules extending from the lappets inward to

between the sacculi. Except for these there are no perisomic deposits.

There are no spicules in the tentacles.

Himerometra magnipinna. There appear to be no calcareous deposits in

the perisome of the pinnules.
No deposits could be found in the tentacles.

Himerometra fiartschi. The lateral perisome of the pinnules contains a row
of closely placed rough spicules which stand at right angles to the pinnulars, two

or three to each lappet.

In their proximal portion the tentacles have a very fine continuous band of

spicules both on their proximal and on their distal sides.

Himerometra robustipinna. There are no calcareous deposits in the perisome
of the pinnules.

There are no deposits in the tentacles.

Craspedometra acuticirra. Each of the ambulacral lappets contains a very
small rudimentary plate of usually two or three meshes, rarely more, from which

a continuous line of spicules runs downward toward the sacculi.

Each of the tentacles contains in its basal half two very fine continuous lines

of spicules, a proximal and a distal.

Heterometra crenulata. Each ambulacral lappet contains a relatively large,

but extremely delicate, multiradiate spicule with from four to six (usually five)

more or less curved branches radiating from a more or less complete hexagonal
cell. The lateral perisome contains large and prominent spicules, usually two
beneath each lappet, which, in general at right angles to the pinnulars, diverge

proximally, so that a K-shaped or lambda-shaped figure is formed.

No deposits were found in the tentacles.

Heterometra savignii. Near its tip each lappet usually contains a straight,
less commonly forked or branched, more or less roughened spicule lying parallel

to the edge of the pinnular.

Each tentacle in its basal third or half contains a proximal and a distal fine

continuous line of spicules.

Heterometra philiberti. Each of the ambulacral lappets contains a small

spicule, which is sometimes straight, but usually with four or five radiating branches

and sometimes a central cell. The perisome between the row of sacculi and the

pinnulars is without deposits.
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The tentacles contain two, a proximal and a distal, very narrow and delicate

lines of spicules, which run to the end of the basal half or two-thirds. In a lateral

view of the pinnule these appear as a closely set row of very narrow triangles with

open distal apices.

Heterometra quinduplicava. Each ambulacral lappet usually contains one or

two extremely slender spicules, which usually extend, at right angles to the pin-

nulars, to near the sacculi
;
but there may be a branched spicule, or a net of one or

two meshes.

The tentacles contain a continuous line of extremely slender spicules.

Heterometra 'bengale-nsis (fig. 796, p. 372). Each ambulacral lappet contains a

small spicule, which is Z-shaped, forked, multiradiate, or containing one or two

meshes; if elongated, the elongation is parallel to the edge of the pinnulars; be-

tween each of these and the pinnulars there is usually a slender, straight spicule,

at right angles to the pinnulars.

In their proximal half the tentacles contain two slender, continuous lines of

spicules, one along the distal, the other along the proximal border.

Heterometra compta. Near their tips the ambulacral lappets contain very
minute calcareous reticulations of one, two, or three meshes. The perisome between

the sacculi and the pinnules is unplated.
The tentacles contain two narrow lines of spicules. one distal and one proximal,

which extend to about the end of their proximal half.

Heterometra pulchra. The tips of the ambulacral lappets contain minute

forked, branched, or multiradiate spicules. Beneath these are long, more or less

irregular spicules, usually one over each sacculus. These lie at right angles to the

pinnulars, and are sometimes forked or paired, or gathered into small groups.
There appear to be no spicules in the tentacles.

Heterometra reynaudii. Near their tips the ambulacral lappets contain small

spicules, which may be straight and parallel to the pinnulars, forked, or multi-

radiate. There are no deposits between the sacculi and the pinnulars.

Each tentacle contains a distal and a proximal fine continuous line of spicules,

which runs for about half of its length.

Heterometra quinduplicava. Near their tips the ambulacral lappets usually

contain forked or branched spicules, which lie parallel with the pinnulars; some-

times these spicules are multiradiate, and sometimes they form one or two meshes
;

occasionally the lappets contain several long spicules lying at various angles.

There may be other elongate spicules between these and the row of sacculi.

The tentacles contain two conspicuous fine lines of spicules, a distal and a

proximal, which run for about half their length.

Homalometra denticulata. Each ambulacral lappet contains a very slender

branched, triradiate or quadriradiate spicule lying parallel to the edge of the pin-

nulars; below this is a long straight spicule reaching nearly to the border of the

pinnulars ;
in addition to the latter the lateral perisome of the pinnules contains a

series of long spicules, the majority of which lie at right angles to the edge of the
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pinnulars or lean slightly distally, forming a wide meshed irregular and interrupted

reticulation.

There are no spicules in the tentacles.

Amphimetra spectabUis. There are no calcareous deposits in the perisome of

the pinnules.

There appear to be no deposits in the tentacles.

Amphimetra discoidea (fig. 791, p. 372). Each ambulacral lappet contains a

long but very narrow, very delicate plate, with unfinished borders, which lies at

right angles to the pinnulars. These are sometimes reduced to extremely narrow

plates, or even to straight roughened rods, just within the distal border of the

lappets. In the distal portion of the pinnules these may become broader and
more rounded.

The perisome between the line of sacculi and the pinnulars contains a series of

irregular filmy longitudinally elongate plates of various sizes, sometimes quite

large and sometimes of only one or two meshes, which form an interrupted line just

beneath the line of sacculi
;
sometimes these form a broad continuous double band,

and occasionally they are much reduced in size and widely scattered over the

perisome.
The presence of spicules in the tentacles could not be determined.

Amphimetra parilis. Each of the ambulacral lappets contains usually three

long very slender spicules, the two outer, running along the sides, slightly curved,
the distal much more than the proximal, and curving toward each other outwardly,
the other more irregular, and sometimes forked; in a lateral view of the pinnule
these appear as a rather closely set row of long spicules distally curved in opposite

directions, reaching downward nearly to the sacculi. Sometimes these spicules

may branch inwardly and these branches overlap, forming a narrow and long plate
within the lappet; in this case minute rounded plates alternating with them are

found between their bases over the spaces between the sacculi.

The perisome over the genital glands is without calcareous deposits.
The tentacles have a rather broad continuous layer of small spicules along the

distal side.

Amphimetra papuensis. Each of the ambulacral lappets contains a single

straight roughened rod, which leans slightly distally.

The perisome between the sacculi and the pinnulars contains at intervals deli-

cate filmy plates of from 6 to 15 meshes, which are usually more or less elongated
in the direction parallel to the edges of the pinnulars.

There appear to be no deposits in the tentacles.

Family STEPHANOMETRID^.

Stephanometra monacantha. The perisome of the pinnules is without deposits.
There are no deposits in the tentacles.

Stephanometra echinus. The perisome of the pinnules contains only extremely
minute scattered spicules.

The tentacles contain inconspicuous proximal and distal lines of spicules.
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Family MARIAMETRID^E.

Pontiometra andersoni (fig. 798, p. 372) . In the lateral perisome of the pinnules

is a continuous row of conspicuous plates, trapezoidal in shape, with the angles

rounded, their distal sides being nearly half again as long as their proximal; a

thickened ridge traverses the plates diagonally from the produced distal outer to

the proximal inner angle; the distal border of each plate overlaps the proximal
border of the following. On some pinnules these plates are reduced to a row of

diagonally placed narrow triangles, which may be so narrowed as to almost re-

semble rods. Though forming a very conspicuous band, these plates are only of

moderate size, their height in lateral view being about one-third the diameter of

the pinnulars.

Beyond the apex of each of these is a very minute plate of from 6 to 12 meshes,

which is elongated in a direction at right angles to the pinnulars.

The perisome between the sacculi and the brachials is without deposits.

No deposits were found in the tentacles.

Oxymetra finschii. In one specimen, a cotype, no deposits were found in the

perisome of the pinnules.
In another the lateral perisome of the pinnules contains a row of moderately

long straight spicules, one near each sacculus, extending outward and slightly

distalward from between the sacculi.

In the first the tentacles were quite without deposits ;
in the second there were

occasionally a few spicules along the distal side in the proximal portion.

Oxymetra aranea. Near the tip of the lappets is a minute forked or branched

or multiradiate spicule, which may inclose a single cell
;
between these and the row

of sacculi there may be single very slender straight spicules extending outward and

slightly distally in reference to the pinnulars. On many pinnules the perisome of

the pinnules appears to be quite without deposits.

The perisome between the row of sacculi and the pinnulars is almost completely
covered by large irregular filmy plates.

In about their proximal third the tentacles contain two very fine continuous

lines of spicules, a proximal and a distal.

Dichrometra cttiata. Each ambulacral lappet contains two long straight or

slightly converging spicules, which extend downward nearly to the row of sacculi.

Each tentacle contains, running along the distal side for about two-third of the

distance to the tip, a broad band of small matted spicules.

Dichrometra ftagellata. There are no deposits in the perisome of the pinnules.
There are no deposits in the tentacles.

Dichrometra doderleini. Each of the ambulacral lappets contains a long
curved spicule, with the convexity distally, which runs near the distal border down
to near the row of sacculi. Rarely there may be one or two additional spicules

irregularly placed.

Occasionally the tentacles contain a few very small spicules.

Mariametra sulicarinata. The perisome of the pinnules contains a few widely
scattered irregular minute spicules.
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There appear to be no spicules in the tentacles.

Mariametra delicatissima. Each ambulacral lappet contains, running along its

distal border, a single very slender and slightly curved spicule, roughened at each

end, which extends downward almost to the line of sacculi, terminating just over the

spaces between them. Frequently these are much reduced, and sometimes they are

only evident as short rods.

There are no deposits in the tentacles.

Lamprometra palmata. There are no spicules in the perisome of the pinnules.

On the distal side the tentacles may contain near the base one or two minute

spicules, or they may be quite without deposits.

Lamprometra protectus. There are no deposits in the perisome of the pinnules.

At the base the tentacles contain a conspicuous thin continuous row of spicules

both proximally and distally.

Lamprometra gyges. Each of the ambulacral lappets contains a slender rod,

usually slightly curved, rarely branched, which extends downward to near the

sacculi, terminating above the spaces between them
;
between the bases of these rods

there are commonly two other short rods, slightly curved away from each other, one

of which, proximal to the main rod, slightly overlaps its base, while the other is

directed distally and, making only a slight angle with the border of the pinnular,

passes beneath the main rod.

Family COLOBOMETRID^E.

Cenometra delicata. There appear to be no calcareous deposits in the perisome

of the pinnules.

There are no deposits in the tentacles.

Cenometra herdmani. There are no deposits in the perisome of the pinnules.

There is a thin line of minute spicules along the distal side of the proximal
third of the tentacles.

Cenometra unicornis. The perisome of the pinnules is naked, or contains

widely scattered and very minute spicules.

The tentacles occasionally contain a few spicules on the distal side near the base.

Cyllometra disciformis. Occasionally there are found in the lappets spicules

or straight rods which are almost perpendicular to the edges of the pinnulars, but

lean slightly distally; usually there are no deposits in the perisome of the pinnules.

Along the proximal third or half of their distal side the tentacles contain a few

small irregular spicules, which usually do not form a continuous row.

Cyllometra albopurpurea (figs. 776-778, p. 366). Each ambulacral lappet con-

tains an extremely fine, straight rod, reaching nearly to the line of sacculi, extending
outward and slightly distally in reference to the pinnulars. On some pinnules these

may be reduced to a minute spicule, or they may be altogether absent.

Occasionally minute spicules may be found on the distal side of the base of

the tentacles.

Decametra taprobanes. Each ambulacral lappet contains a single very slender

straight rod, which may be forked at the tip, directed outward and slightly distal-
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ward in reference to the pinnulars, and reaching downward to, or even between,

the sacculi.

In its proximal third or half each tentacle contains a rather broad band of

matted small spicules along the distal side.

Decametra mylitta. Near their distal border the ambulacral lappets contain

one or two long spicules, which may be straight or, in the distal portion of the

pinnule, may follow the outer distal curve.

The tentacles contain a broad band of thickly matted spicules, which reaches to

the end of the proximal half.

Decametra parva. Each ambulacral lappet contains an extremely delicate and

fine rod, very difficult to detect, directed outward and slightly distalward in refer-

ence to the pinnulars.
The perisome between the line of sacculi and the pinnulars is without deposits.

The tentacles occasionally contain very minute spicules near their bases.

Decametra tigrina. Each ambulacral lappet usually contains a single fine,

nearly straight, spicule, directed outward and slightly distalward in reference

to the pinnulars, which may be very short. Sometimes there is a long, slightly
curved spicule along both the proximal and distal borders.

At the base of the tentacles on the outer side there are a few minute spicules.

Colobometra vepretum. Each ambulacral lappet contains a small straight or

slightly crooked rod directed outward and slightly distally in reference to the

pinnulars.

Along the outer side the tentacles contain a median band of spicules, which
reaches to about the end of the proximal half.

Colobometra discolor. Each ambulacral lappet contains a narrow straight

rod, extending outward and slightly distally in reference to the pinnulars, which
reaches downward nearly to the line of sacculi.

Along the outer side each tentacle contains a continuous, rather broad, band
of spicules which reaches nearly to its tip.

Prometra chadwicki. Each ambulacral lappet contains an extremely delicate

straight or slightly curved rod, which reached downward nearly to the sacculi.

The perisome between the line of sacculi and the pinnulars is unplated.
The tentacles contain few or no spicules.

Cotylometra gracilicirra. Each of the ambulacral lappets contains a fine

straight rod reaching to the sacculi, which, in reference to the pinnulars, is directed

outward and slightly distalward.

The perisome between the sacculi and the pinnulars is unplated.
A continuous and very conspicuous band of small spicules runs along the

outer side of the tentacles almost to their tips.

Oligometrides adeoncB (fig. 793, p. 372). Each ambulacral lappet contains a

very slender needle-like spicule, lying at right angles to the border of the pinnulars.
The genital glands are completely covered by filmy plates, which are very

large along the line of sacculi, becoming small along the borders of the pinnulars.
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The proximal portion of the tentacles contains a dense mass of spicules, which

appears as a thick roughened rod extending outward to a height equal to about

as much again as the height of the sacculi.

Oligometra carpenteri. Each ambulacral lappet contains a very slender,

straight, needle-like spicule extending outward and slightly distalward in reference

to the pinnulars. There are no other deposits.

There are no deposits in the tentacles.

Oligometra serripinn-a. (fig. 780, p. 366). Each lappet usually contains a long,

but extremely fine, spicule situated along the distal border and curved in con-

formity with it, or straight; more rarely there are several scattered long spicules.

At their bases the tentacles contain a few very delicate spicules along the

outer side.

In another specimen no deposits were found in the perisome of the pinnules.
Each tentacle contained at the base two short and very narrow lines of minute

spicules, a distal and a proximal.

Family TROPIOMETRIDyE.

Tropiometra macrodiscus (fig. 797, p. 372). Each ambulacral lappet contains

a minute rudimentary plate, usually of two or three meshes, but sometimes, toward

the end of the pinnules, becoming of appreciable size and consisting of from 15

to 20 or more meshes. When this is the case the plate is more or less oval and

elongated in a direction perpendicular to the edge of the pinnulars, and beneath

it, lying between the sacculi, is another similar but smaller plate. When the cover-

ing plate is very rudimentary the lateral perisome of the pinnules may contain

very minute scattered spicules, or may be entirely naked.

The perisome over the genital glands contains very abundant minute, rounded

plates and spicules which are especially numerous in parallel rows at right angles
to the border of the pinnulars, about one to each sacculus.

Spicules are very few, or altogether absent, in the tentacles.

Tropiometra afra. Each ambulacral lappet contains a small rudimentary plate
of usually from two to five meshes.

Along the sides of the pinnulars is a series of plates, usually roughly triangu-
lar in shape, elongated perpendicularly to the pinnulars, not quite in contact

basally, the distal ends of which pass between, or partially around, the sacculi.

There is one of these beneath each covering plate.

There appear to be no deposits in the tentacles.

Tropiometra carinata. The major portion of the ambulacral lappets is usually

occupied by relatively large, very thin, irregular plates with rather coarse meshes

and irregular borders, the inner proximal corners of which are produced down-

ward and usually come into contact with the plates beneath. These may be reduced

to a single cell with radiating rods, or even to a very slender and delicate rod,

usually straight, sometimes irregular or forked, at right angles to the pinnulars,

opposite the spaces between the sacculi.

142140 21 Bull. 82 18
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Along the sides of the pinnules, near the pinnulars, there is usually a con-

tinuous band of the squarish plates, about three to eacli pinnular, the distal outer

corners of which are broadly cut away by the sacculi. Sometimes these are

reduced to triangular plates with their outer apices between the sacculi, or to very

small, rounded plates between the sacculi. When the covering plates are well

developed they may resemble them, but they are somewhat larger, with a very

irregular outline, and usually slightly higher than broad.

The perisome over the genital glands is covered with a continuous layer of

large and delicate, more or less irregular plates.

There are no spicules in the tentacles.

Tropiometra picta. Toward the distal ends of the outer pinnules there is in

the outer portion of each ambulacral lappet a short median rod, which may be

forked, or a minute irregular plate of one or two meshes. A second small speci-

men showed similar deposits.

There are no plates or spicules in the lateral perisome of the pinnules.
There appear to be no spicules in the tentacles.

Tropiometra indica. Each ambulacral lappet contains a usually straight or

very slightly curved, rarely forked, rod with roughened ends, which lies at right

angles to the pinnulars.
Other than these, the perisome of the pinnules contains no deposits.

Spicules are extremely rare or altogether absent in the tentacles.

Family CALOMETRIDJE.

Neometra alecto (figs. 835-837, p. 405). Along the sides of the pinnules and

immediately adjoining the pinnulars is a continuous row of side plates, from five

to seven to each pinnular.
These are of very peculiar and characteristic shape. The base of each slightly

overlaps the base of the one distal to it. On the distal side, just beyond the base,

there is a deep semicircular excavation reaching inward for about one-third the

length of the plate as measured along the base. On the proximal side there is a

similar but shallower excavation. Between these excavations the plate is reduced

to about half the basal length. When the plates are in their normal position the

excavations of adjacent plates together form circular holes through which the

distal third or half of the sacculi protrude. The distal lateral excavation is

bordered outwardly by a narrow arm rounded distally, which, making a slight

angle with the pinnular, reaches a point almost but not quite directly over the

distal end of the base where it adjoins the succeeding plate. Beyond this narrow
arm limiting the distal excavation outwardly the plate leans proximally at an

angle of about 45, so that the outer portion beyond the lateral excavations may
be said to consist of a narrow distal arm over the deep distal excavation, making
an angle of usually less than 45 with the base, and a very much broader proximal

portion, making an angle with the base of about 45. This latter terminates in

a straight line perpendicular to the pinnular directly over the proximal end of

the base where it adjoins the narrow distal extension of the plate just proximal
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to it, which overlaps it slightly. The outer surface of the side plates is not

all in the same plane. The basal portion adjoining the pinnular, which is nar-

rowly oval with broadly rounded ends and in maximum width about equal to the

distal proximal extension, is turned inward toward the pinnular; but, while all

of the basal portion lies in the same longitudinal plane, the two outer extensions

are directed slightly inward, each making a small angle with the longitudinal

plane of the basal portion so as to considerably increase the size of the apertures

through which the sacculi protrude. In some cases, where the basal portion is

unusually large, the lower portion is bent inward abruptly and lies on the inner

side of the pinnular. On the outer border of the plate in the deep, rounded notch

between the narrow distal and broad proximal extensions lies a small but con-

spicuous oval plate which almost completely fills the concavity. On the inner

surface of each side plate are two prominent and usually high ridges. One of

these, the smaller, runs along the under side of the narrow distal process to its base

and then, decreasing in height, curves downward and rims perpendicularly to the

proximal edge of the plate; frequently this ridge is not developed beyond the base

of the distal process. The other, much higher, runs perpendicularly outward from
the base, gradually decreasing in height, just touching the deepest portion of the

proximal excavation and traversing the outer proximal extension.

The covering plates, which are very large and conspicuous, very fine in

texture with finished edges, are almost circular, slightly flattened at the base

where they adjoin the side plates. They lie on the outer side of the broad proximal
extension of the side plates and are attached by means of a ligamentous articu-

lation to the end of the long and straight ridge just described.

The perisome over the genital glands is completely inclosed by large filmy

plates.

In addition to the plates described, the ventral perisome on the sides of the

ambulacral groove contains occasional rather large multiradiate spicules, which
for the most part look like spiny balls.

There are no spicules in the tentacles.

Neometra acanthaster. The perisomic plates resemble those of N. al-ecto.

Neometra conaminis (fig. 838, p. 405). The perisomic plates do not differ

essentially from those of N. alecto.

Neometra gorgonia (figs. 839-842, p. 405). The conditions are the same as in

N. alecto.

Calometra callista. There is no tangible difference between the perisome plates
of this species and those of Neometra alecto.

Calometra discoidea. The perisomic plates resemble those of Neonwtra alecto.

Gephyrometra propingua. The conditions in this species resemble those in

Neometra alecto, but the small plate in the notch between the distal process and
the broad proximal process is much reduced, being very minute, or in the form
of an elongate spicule parallel with the pinnulars.

Pectinometra carduum. The conditions in this form are essentially as in Neo-
metra alecto; the narrow distal process is more slender and curves outward toward
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the ambulacral groove. The outer part of the side plates is strongly incurved

toward the median line of the pinnule; the small plate between the distal and

proximal processes lies in a semicircular area bounded proximally by a blunt angle
on the outer side of the broad proximal process.

Pectinometra fla/vopurpurea. The perisomic plates resemble those of P. car-

duum.

Family THALASSOMETRIDJE.

Ptttometra macronema (figs. 857, 858, p. 412). In lateral view the outline of

the side plates is almost square, the distal and proximal edges, which are parallel,

leaning slightly distally; about a third of the distal edge is cut away in a semi-

circular excision which is just above the middle, so that the outer distal corner,

which is slightly produced and overlaps the outer proximal angle of the succeed-

ing plate, is narrower and more pointed than the broadly rounded lower distal

corner; the corresponding notch on the proximal border of the plate is much less

deep. The sacculi are relatively small, and sometimes absent, in which case the

distal and proximal borders of the plates are straight, and the former overlap

slightly the proximal borders of the succeeding plates.

From this simple type of side plate there is derived a more specialized type
which in all essentials resembles the side plates of the Calometridse. On the distal

half of the outer border a curved incision makes its appearance, so that the outer

distal portion of the plate becomes restricted to a narrow process directed outward

at a small angle to the pinnulars, and slightly curved outward. The proximal
half of this outer edge, proximal to the curved incision, is straight and supports
the covering plate.

On the inner side the surface of the distal process is thickened into a promi-
nent keel. Tangent to the incision on the proximal border a strong rib runs across

the whole side of the plate perpendicular to the base, which is produced down-

ward in the form of a long, straight spine lying within the groove of the pinnular.
There is no small plate or spicule in the excision on the outer edge of the

side plates such as is found in the Calometridse.

The structure of the plates is much coarser than in the Calometridse.

The covering plates, which are attached to the outer end of the long straight

rib on the inner side of the side plates, are relatively slightly smaller than those of

the Calometridse, and almost circular in outline, though frequently slightly elon-

gated in the direction of the chief axis.

Ptilometra mulleri. The side and covering plates in this species do not differ

essentially from those in Pt. macronema.

Asterometra anthus. In direct lateral view the side plates are seen to have the

outer and inner sides, which are parallel, slightly longer than the proximal and
distal sides, which are also parallel; the distal edge of each overlaps slightly the

proximal edge of the succeeding; the outer border is very slightly depressed in the

middle
;
from the proximal inner angle, which may be slightly produced proximally,

a broad process, in width equal to about one-third the length of the inner border,
extends inward and slightly distally over the inner surface of the pinnular for a
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distance somewhat greater than its own length ;
this process may originate from the

border of the side plate, but usually arises from just within the border, which pro-

jects over it like a shelf. In a transverse section of a pinnule the side plates are

seen to be strongly and evenly curved, the convexity being outward. In a ventral

view of the pinnule the outer edges of the side plates, toward the ambulacral groove,
are seen to be cut away by a semicircular incision, and the distal and proximal

angles are broadly rounded off so that the semicircular incision is bordered by two

converging plates resembling the horns of a crescent, of which the proximal extends

farther inward toward the middle of the pinnule than the distal
;
in the border of

the semicircular incision proximal to the middle is an obtusely angular process,

which disturbs the symmetry of its contour. The sacculi, which are easily seen in

cleared specimens through the side plates, reach the surface through the semi-

circular incision of the outer borders ventrally, therefore, instead of laterally, as

in Ptilomftra. On the inside of the side plates are two prominent ridges, which are

parallel and perpendicular to the proximal border; one of these runs midway be-

tween the center and the proximal, the other midway between the center and the

distal edge. The former is the higher, bearing the covering plate on its outer end.

its inner end terminating against the process which extends over the inner side of

the pinnular.
The covering plates are very broadly oval or somewhat kidney-shaped, broadei

than long.

Asterometra macropeda (figs. 812-815, p. 385). The side and covering plates

in this species do not differ essentially from those of A. anthus; but the process from

the base of the side plates which runs over the inner surface of the pinnule is

broader and trapezoidal with its free inner edge, which is parallel with the base of

the side plate, longest.

Asterometra cristata. The conditions in this species do not differ essentially

from those in A. anthus.

Pterometra magnipeda. The side and covering plates in this species resemble

those in Asterometra anthus.

Pterometra splendida. The side and covering plates of this species resemble

those of Asterometra anthus, but the structure is much coarser.

Pterometra pulcherrima. The perisomic plates are essentially like those of

Asterometra anthus.

Pterometra trichopoda. The side and covering plates resemble those of Astero-

metra anthus.

The perisome over the genital glands is completely covered by large filmy

plates.

Cosmiometra crasiticirra (figs. 843-848, p. 405). In the plane parallel with the

dorsoventral plane of the pinnule the side plates are very strongly convex, so that

when the pinnule is viewed ventrally they appear as a row of half cylinders with

the convexity outward. In lateral view the main body of the plate is about as high
as broad

;
the base upon which this portion rests is very narrow, and in contact with

the bases of the adjacent plates; the sides are throughout their whole length regu-
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larly concave, forming broad lenticular gaps between adjacent plates. The distal

outer angles are produced into long narrow horns, which curve toward the am-

bulacral groove and slightly outward, and which, though very narrow in lateral

view, extend inward for some distance across the pinnule. The proximal outer

angles are produced into a broad process rounded at the end, which makes an angle
of about 45 with the pinnular and is bent inward under the distal horn-like process
of the preceding plate. In the middle of the distal border, at the base of the

proximal broad process, is an angular projection, forming approximately a right

angle. The side plates are extremely delicate, though everywhere with definite

edges. They bear no ridges on the inner side, and have no basal extension over

the inner surface of the pinnulars.
The moderately large, almost circular, covering plates are articulated to the

distal side of the proximal process.

Toward the base of the pinnules the side plates become lower and lower, finally

becoming reduced to very narrow horizontal plates and later disappearing alto-

gether; at the same time the covering plates become reduced, though much more

gradually, finally occurring only as irregular calcareous films in the marginal

lappets.

There are no calcareous deposits in the tentacles.

An intermediate stage in the reduction of the side plates shows them reduced

to somewhat irregular broad crescents with blunted ends, curving proximally, with

the circular covering plates just beyond the outer edge of the outer horn, alternating
with straight rods of the same height leaning slightly distally, which represent the

distal horn-like process and the distal edge.
The sacculi are situated between the side plates.

Cosmiometra delicata. The side and covering plates essentially resemble those

of C. crassicirra, but the texture of the side plates appears to be much finer. The

proximal outer angle of the side plates is not so much produced as in C. crassicirra,

and is not more conspicuous than the median outer angle ;
the chord of the reentrant

arc between these two is almost parallel to the base, and in this concavity the cover-

ing plate rests. As in C. crassicirra, the notch between the narrow distal process and
the median angle gradually deepens until the distal portion separates off in the

form, in lateral view, of a rod. leaving the proximal portion in the form of a broad

crescent with the covering plate on the inner (concave) side of its proximal end.

Stylometra spinifera. The side and covering plates are of the same general

type as those of Cosmiometra. The side plates are just in contact basally, higher
than broad, with slightly concave sides, which leave between them long lenticular

gaps for the reception of the sacculi, which outwardly narrow gradually but basally
are abruptly rounded off against the appressed bases of two adjacent plates. The
outer edge shows a proximal outer angle and an obtuse median angle with an

obtusely angular incision between them. The distal angle is produced into a thin,

horn-like process, which, however, is broad transversely, curving distally and

upward, the angular notch between this and the median angle being much deeper
than that between the median and the proximal angles; whereas the base of the
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plate as viewed from the inside of the pinnular forms approximately a quarter
of a circle, the outer edge as viewed ventrally is almost a right angle, the apex
of this angle coinciding with the apex of the notch between the proximal extension,

which, viewed laterally, appears to be very narrow, but viewed ventrally is seen

to be quite deep, and the median angle.

The covering plates, which are circular with the outer half of their circum-

ference bordered with long spines, are attached to the outer side of the proximal

angle.
Toward the base of the pinnules the side plates degenerate, the distal portion

gradually separating off and appearing as a straight rod directed outward and

slightly distally, and the remaining portion gradually becoming an irregular
calcareous film which grows smaller and smaller until it disappears.

Relatively large covering plates with unfinished edges are found in the lappets
after the side plates have become very minute.

Stenometra quinquecostata. In their simplest form the side plates are squarish
in lateral view; the proximal edge is usually straight, sometimes with the median
third slightly concave; the lateral edges are slightly incurved, the distal overlap-

ping the proximal of the succeeding plate; the outer proximal corner is broadly

rounded; the outer distal corner is rather sharply rounded; in the middle of the

distal edge is a broadly rounded angle the distal point of which is on the same
level as the outer points of the rounded proximal and distal angles from which

it is separated by shallow rounded incisions, that on the distal side being deeper
than that on the proximal. Toward the distal end of the pinnule this form becomes

slightly modified by a deepening of the notch between the median angle on the

outer border and the distal process, which becomes longer and narrower, and

a deepening of the concavitj' of the distal lateral border.

The same modification takes place toward the base of the pinnule, where it is

carried farther, so that both the proximal and the distal sides become strongly
concave and the distal process becomes very long and thin. At the base of the

pinnules the side plates become lower and lower and finally disappear ;
the cover-

ing plates, though they become smaller, persist to the junction with the arm. In

direct ventral view the outer edges of the side plates are seen to be curved in such

a way that they form about a quarter of a circle; in dorsal view the lower edges
are parenthesis shaped with the convexity outward. The distal edge of the side

plates is thickened beneath the insertion of the covering plates, and in the distal

process.

The almost circular covering plates are attached to the outer border of the

side plates just within the proximal outer angle.

The perisome between the side plates and the pinnulars is completely incased

by large and filmy plates.

There are no deposits in the tentacles.

Stenometra eristata (figs. 820-822, p. 392). The side and covering plates in

this species resemble those of S. quinquecostata.
Stenometra diadema. The side and covering plates are essentially like those

of S. quinquecostata.
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Daidalometra hana. There appears to be no essential difference between the

side and covering plates of this species and those of Stenometra quinquecostata.
Parametra orion. The side plates are of two types ;

the larger, with the cover-

ing plates, resemble those of Oceanometra gigantea; just at the distal border of

these large side plates, and covered by the oasal portion of their distal edges, are

much narrower side plates of the same length, which in lateral view appear as

long rods making an angle of something over 60 with the border of the pinnulars.
While they appear rod like in lateral view, the distal third of these plates is

abruptly produced inward, at right angles to the longitudinal axis of the pinnule,
for a distance equal to somewhat more than the length, the distal border of this

process being convex and often a semicircle. In direct ventral view, this expanded

portion is seen to be slightly convex distally. The basal edge of the side plates

is parenthesis shaped in end view.

Parametra granulata (figs. 874878. p. 435). The side and covering plates

resemble those of P. orion.

Oceanometra gigantea (figs. 859-866, p. 419). In this species there are two

rows of side and covering plates, one. composed of much the larger and more per-

fect plates, superficial, the other, composed of smaller and less perfect plates

alternating with these, situated in the deeper perisomie layers.

In lateral view the larger side plates, those of the superficial series, are

trapezoidal ;
the distal border, which is straight and perpendicular to the pinnulars,

is somewhat longer than the base; the proximal border is half again as long; the

outer border is convex, with the median third produced and its outer edge concave,
so that it usually takes the form of two obtuse angles. The inner half of the

plates is plane, but in their outer halves they twist in such a way that the outer

border makes an angle of approximately 45 with the base, the proximal outer

angle, which is more or less strongly rounded, being inward
;
on the proximal side

at about the level of the obtuse angle between the distal and outer sides is a

rounded notch.

The covering plates, which are broadly oval, slightly longer than broad, are

attached just within the proximal outer angle.

Alternating with the side plates just described and deeply sunken within the

perisome are large definite groups of spicules of all shapes and sizes, more or less

agglutinated and sometimes becoming very irregular plates, which are separated

by intervals of somewhat more than their own longitudinal diameter, or the diame-

ter parallel with the border of the pinnulars, which is usually greater than the

diameter at right angles to the border of the pinnulars.

Beyond these, and entirely separated from them, are much more definite

sausage-shaped covering plates, leaning distally at an angle of about 60 with the

edge of the pinnulars, their outer ends reaching to, or slightly beyond, the bases of

the larger covering plates.

The perisome over the genital glands is completely inclosed by longitudinally

elongate plates, which decrease rapidly in size from the pinnulars to the side plates.
The tentacles may contain extremely minute deposits, especially toward

their tips.
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FIGS. 422-435. PINNULE TIPS OF VAHIODS COMATCLIDS. 122. COMASTEE PAEVUS, LATERAL VIEW. 423.

SAME, DORSAL VIEW. 424. COMANTHINA SCHLBGELII, LATERAL VIEW. 425. SAME, DORSAL VIEW. 426.

COMANTHUS BBNNETTI, LATERAL VIEW (FKOM SPECIMEN PRESERVED IN FORMALIN). 427. SAME. 428.
COMAN'THUS SAMOANA, LATERAL VIEW. 429. SAME, DORSAL VIEW. 430. COMANTHUS PAEVICIRRA, DORSAL
VIEW. 431. SAME, LATERAL VIEW. 432. COMANTUUS PARVICIRRA, LATERAL VIEW. 433. SAME, DOSSAL
VIEW. 434. COMANTHUS PARVICIERA, LATERAL VIEW. 435. SAME, DORSAL VIEW.
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Oceanometra annandalei. The side and covering plates in this species resemble

those of 0. gigantea.
The perisome over the genital glands is incased in well-formed and definite

plates of very different sizes and shapes, some of which, near the borders of the

pinnulars, are longitudinally elongated.
Thalassometra villosa (figs. 823, p. 392, and 879, 880, p. 435). In direct lateral

view the outline of the side plates is trapezoidal, the inner side, adjoining the pin-

nulars, being the longest; the proximal side is perpendicular to the inner side,

nearly or quite straight, with a prominent notch just below the middle; the outer

side is of about the same length as the proximal, and has the form of a broadly
obtuse reentrant angle; the distal border leans proximally at an angle of slightly

more than 45, and usually joins the inner side in a broad curve; whereas the inner

edge of the side plates is parallel with the edge of the pinnulars, the outer edge
makes with it an angle of about 45, the proximal end being much nearer the middle

of the pinnule than the distal. On the slanting outer border of the side plates,

slightly more than half way between the inner and outer ends, is a narrow covering

plate, which projects from it at right angles in lateral view, and in ventral view is

seen to be approximately at right angles to the outer edge; it is articulated to a

slightly thickened portion of the border of the side plate.

The covering plates are shaped like a pumpkin seed, with the pointed end

inward toward the center of the pinnule. Their lower edge shows a very obtuse

angle, by which they are articulated to the middle of the obtusely angular excision

of the outer edge of the side plates.

The perisome over the genital glands is completely covered by thin plates of

very diverse form and size.

Thalassometra agassizii (figs. 1171, 1172, pi. 27).

Aglaometra eupedata. The side and covering plates resemble in all essentials

those of Daidalometra liana; the thin proximal process is turned inward at an

angle of about 45, reaching as far as the midline of the covering plate; the

proximal portion of the side plate, which bears the covering plate, is turned inward

at about the same angle. In both cases the torsion is in the outer two-thirds of the

plate, so that in this part the central portion of the plate is very convex exteriorly.

Aglaometra incerta (fig. 1166, pi. 27).

Family CHARITOMETRIDJE.

Crossometra helius (fig. 867, p. 419). In direct lateral view the major portion
of the side plates is seen to be practically square, with the proximal outer angle

broadly rounded off and the distal outer angle, at the base of the process to be

described, raised into a slight obtuse angle ;
the distal outer corner is produced dis-

tally and outwardly in the form of a narrow curved horn; the outer half of the

proximal border is produced laterally and slightly outwardly for a distance about

equal to two-thirds of the transverse diameter of the plate. Large and prominent
sacculi occupy the broad gaps between the apposed outer processes of adjacent

plates. Viewed from beneath the inner ends of the side plates are seen to carry at
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either end a stout process of the same thickness as the edge of the plate itself, which

extends inward, at right angles to the edge of the plate, for a distance equal to

about two-thirds the length of the latter. The figure presented by the inner end

of the plate as seen in end view is thus three sides of an oblong; the area included

between the edge of the plate and the inward extensions may be three sides of a

square, but is usually more or less rounded, sometimes about three-quarters of a

circle. In direct ventral view the side plates appear semicircular, with the proximal
inner end of the semicircle produced in a broad process which touches the distal

inner end of the semicircle formed by the preceding plate.

The covering plates, which are almost circular, or slightly longer than broad,

and flattened at the base, are attached to the proximal outer process halfway be-

tween its tip and the slight angle marking its junction with the main body of

the plate.

There are no deposits in the tentacles.

Perissometra selene (figs. 817, 818, p. 385, and 819, p. 392). The side and cover

ing plates resemble essentially those of Crossometra helius. The distal process

on the side plates is much thicker at the base, and the angle on the outer border

at the base of the broad proximal process is much more developed. Within the

semicircular notch, as the plates are viewed from an angle of 45 to the dorso-

ventral plane of the pinnule, between the posterior process and the median angle

there is a very small irregular plate, often of only two or three meshes. Toward
the base of the pinnule, alternating with the bases of the side plates and lying

deeper in the perisome, are irregular plates of considerable size with ragged edges

representing a second, deep, row of side plates. On the proximal side of the first

two pinnulars normal side plates, much reduced in size, alternate with side plates

without covering plates in the form of equilateral triangles which reach to the

level of the bases of the covering plates on the normal side plates. The normal

side plates and the covering plates which they bear rapidly increase in size and

after the third or fourth the secondary side plates pass deeper into the perisome
and become rudimentary, persisting to the fifth pinnular.

The covering plates are nearly circular and less flattened than those of Crosso-

metra helius.

Perissometra patula. The side and covering plates do not differ essentially

from those of CrossoTnetra helius, but they are coarser in texture, and the side

plates have ragged borders.

Perissometra lata. In lateral view the side plates, which are of the same

structure as in related species, appear more nearly rhombic, as they are very close

together and the large proximal outer processes of each are covered by the distal

processes of the following; the notch in the distal border is very small and often

very shallow. The concavity between the distal outer process and the median angle
of the outer edge contains a very small more or less irregular plate.

On their lower side the covering plates bear a low keel in their proximal third

which runs somewhat diagonally.

Pachylometra distincta (figs. 831-834, p. 405, and 856, p. 412). While the struc-

ture of the side plates is the same as in Crossometra helius they are very low and
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broad, the width at the base being almost or quite twice the median height to the

apex of the angle on the outer edge just above the middle of the base; the proximal
process is large and broad; it extends outward for a distance equal to from one-

half to two-thirds of the length of the base
;
the inner half of its proximal border

is concave, the outer half convex
;
the edge from the proximal outer corner to the

median angle of the outer edge is slightly concave, and to the middle of this edge
the covering plate is attached ; between the median angle and the distal corner the

outer edge of the plate is deeply concave, having the form of a semicircle; in

lateral view the distal outer angle is produced in the form of a hook
;
its extremity

is expanded, this expansion showing in lateral view as a right angle midway
between the base and the point.

The covering plates are very broadly rounded, as broad or as slightly broader

than long, with the proximal edge in the form of a broadly obtuse angle, and the

inner angle, between the base and the broadly curved side toward the middle of

the pinnule, sharper and less rounded than the outer.

Pachylometra incequalis (fig. 1168, pi. 27).
Chondrometra robusta. The side and covering plates are essentially as in

Perissometra lata; the notch between the distal outer process of the side plates
and the median notch on the distal border is occupied by a small plate.

Calyptometra lateraLis (figs. 868-871, p. 425). The side and covering plates do

not differ essentially from those of Perissometra patula. In their proximal third

the covering plates bear a median keel, placed somewhat diagonally, which is

high and triangular, the base of the triangle touching and perpendicular to the

proximal edge.
On the underside of the ventral perisome of the pinnules is a continuous

series of large irregular plates forming a continuous broad band.

Glyptometra tuberosa (fig. 816, p. 385). The side and covering plates are

essentially the same as those of Pachylometra distincta, the side plates being very
low and broad, twice as broad as high. The side and covering plates are extraordi-

narily thin and delicate, composed of a thin calcareous film. The side plates are

so low that the proximal process curves around to the proximal end of the base
;

this process is much finer in texture than the rest of the plate.

On the underside of the covering plates in their proximal third is a keel,

placed somewhat diagonally; from near the end of this keel on the outer side

the outer border of the plate curves about in a circle as far as a point on

the inner side directly over the outer corner of the proximal process, whence
it is continued in a straight line downward to that angle; the portion of

the base which lies on the inner side of the keel, or point of attachment, is

perfectly straight, meeting the proximal part of the inner border at right

angles over the outer corner of the proximal process; the distal and outer

portions of the periphery are fringed with fine but prominent spines. Some-

times this form of covering plate is not developed, the outer side joining the

proximal end of the keel on a level with the inner side instead of the distal end;
but in this case the inner basal angle is much less rounded than the outer. On the

other hand, the parallel sided portion of the plate, between the median keel and
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the inner edge, may be considerably elongated, in some cases occupying about one-

third of the entire length of the plate. In the covering plates an area in the shape
of a right-angled triangle extending from the edge adjacent to the proximal
extension of the side plate to a point as far as the length of this side on the inner

edge and thence to the proximal end of the median keel is of much finer texture than

the rest of the plate.

Crinometra insculpta. Both side and covering plates are relatively small,

coarse in texture, with unfinished edges. The side plates are about as high as

broad at the base; the inner half of the proximal side is excavated in the form of

almost a semicircle; the outer half is straight and perpendicular to the base; the

distal side is concave, the maximum depth of the concavity, which is not very

deep, being just below the center; the median portion of the outer edge is pro-

duced into an obtuse angle; the border between this angle and the proximal outer

angle is straight or very slightly concave ; between this median angle and the

outer distal angle is a more or less deep concavity, so that the outer distal

angle, which is more or less produced, takes more or less the form of a horn

curved distally and outwardly. The inner side of the side plates shows two

ridges perpendicular to the base, one near the proximal, the other near the

distal border
;
near the base these suddenly diverge ;

the distal runs into the distal

horn-like process. The base of the side plates is parallel with the edge of the

pinnulars; the distal third of the distal edge, embracing the distal process, is

approximately at right angles with the proximal two thirds, the two being connected

by a broad curve
;
a line bisecting this angle would be perpendicular to the longi-

tudinal axis of the pinnule.

The broadly oval covering plates, which are broadest between the base and the

middle, are attached halfway between the middle of the side plates and their

proximal outer angles. On their underside they have a narrow ridge in their

proximal third or half which is in contact with the proximal ridge on the side

plates.

Monachometra fragHis (figs. 824-830, p. 399). The side plates are in close

lateral apposition with straight inner, proximal, and distal edges, higher than

broad at the base, the proximal border slightly longer than the distal
;
the median

portion of the outer edge is produced into a slightly obtuse angle, which reaches

the same height as the proximal outer corner
;
the border between the median angle

and the proximal outer corner is slightly concave; the border between the median

angle and the distal outer corner is deeply concave, so that the latter is in the form

of an acute angle; just below the distal outer process and slightly farther from

the excavated outer edge than from the distal edge is a circular hole of rather small

size, allowing for the passage of the sacculus to the exterior
;
the inner portion of

the side plates is plane and parallel with the edge of the pinnulars ; the outer border

is a broadly rounded right-angled triangle, with the proximal limb, from the

proximal outer angle to the notch between the distal outer process and the median

angle, much longer than the distal
;
both are inclined to the line of the edge of the

pinnulars at an angle of about 45. The interior surface of the side plates bears

two prominent parallel narrow ridges of unusual height; one of these runs fairly
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near the proximal border; this is perfectly straight and perpendicular to the side

of the pinnular, running to the attachment of the covering plate; the other is

midway between this and the distal border; it runs parallel to the first as far as

the hole allowing for the protrusion of the sacculus, about the outer edge of which

it turns, running to the distal side of the plate ;
in a direct ventral view of the plate

these two ridges appear as two thin processes of considerable height.

The sides of the covering plates, which are semicircular in their outer half,

gradually converge in almost straight lines to the relatively narrow base.

Pcecilometra scalaris (figs. 849-855, p. 412; and fig. 1169, pi. 27). The side

plates are broader than high ;
the outer half of the proximal border is produced in

the form of a proximal process with parallel sides, which is directed slightly out-

ward
;
the outer edge of this process is parallel with the edge of the inner half of the

proximal side
;
the edge connecting the two in lateral view is at an angle of about

135 with each
;
on the outer edge directly over the middle of the base is a prominent

angle, usually of about 90
;
the outer distal corner of the plate is produced in the

form of an acute angle of about 45, which lies at the same height as the outer

proximal angle. Between the proximal outer angle and the median angle the outer

border forms a reentrant obtuse angle, the apex of which, just proximal to which

the covering plate is attached, is from one-fourth to one-third of the distance from

the median angle to the proximal outer corner. The outer edge between the median

angle and the distal angular process is excavated in the form of a semicircle. In

this excavation is a plate which is unusually well developed, shaped like a thick

crescent, with the concave side directed toward the base of the side plate, so that a

large oval or circular hole is left between it and the border of the side plate. Be-

tween the deepest portion of the excavation between the median angle and the

distal outer corner and the middle of the distal border of the side plate, and equi-

distant from both, is a rather small circular opening, through which the outer

portion of a sacculus protrudes. The distal border of the side plates is very

slightly and evenly convex
;
in direct ventral view the edge of the proximal third

of the plates is straight and parallel to the base
;
the remaining portion is excavated

in the form of a semicircle; the side plates are slightly convex outwardly in the

horizontal as well as in the transverse plane. As a result of this the opening for the

sacculus is directed diagonally outward and somewhat distally; the inner edge
of the side plates, adjoining the pinnulars, is straight and bears directed inwardly
two rather long processes, one just within the distal end, the other midway between

this and the proximal end, which are the two high internal ridges seen in end view
;

on the inner side of the side plates are two relatively high ridges; one of these,

arising near the proximal end of the base, runs directly upward perpendicular to

the latter to the attachment of the covering plate ;
the other, halfway between this

and the distal border, runs perpendicular to the base as far as the hole for the

passage of the sacculus, about the distal side of which it turns, and runs outward

to the distal border of the plate. The sacculi occupy the entire region between the

ridges on adjacent plates, lying over the sutures between them.

The covering plates are usually slightly longer than broad, broadly oval,

broadest at about the middle, with the angle between the flattened base and the

142140 21 Bull. 82 19
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outer side very broadly rounded, and that between the base and the inner side a

right angle, and even sometimes less than a right angle; occasionally the covering

plates may be truncated distally, or they may take the form of elongated hexagons.
The tentacles have a rather broad band of interlaced spicules along the

distal side.

Chlorometra garrettiana. The side plates, -which are of the usual structure,

are as broad at the base as the height to the apex of the median obtuse angle on

the distal edge; the notch between the median angle on the outer edge and the

distal process is deep and almost semicircular; the notch on the distal side below

this distal process is deep, and usually semicircular; the inner proximal angle is

slightly produced, so that, viewed laterally, there is a deep concavity between this

angle and the base of the broad proximal projection ;
in ventral view the outer edge

of the side plates is a thick semicircle, the proximal end of which extends farther

inward than the distal; the inner ends, adjoining the pinnulars, are also thick

semicircles; the inner side of the side plates shows two high, broad ridges, one

passing along the narrow distal process and usually disappearing at the notch on

the distal side, the other running directly downward perpendicular to the base

from the attachment of the covering plate as far as the notch on the proximal side,

then curving about and running to the proximal inner angle.
The covering plates are broadly rounded, about as long as broad. They are

not quite symmetrical, the inner side in its proximal third becoming straight and

running downward parallel to the median keel to the rounded right angle between

the base and the inner border
;
the opposite side is a segment of a circle. In some

cases the outer half of the covering plate is a semicircle, from which the sides con-

verge in almost straight lines to a short straight base, the outer side being flatter

than the inner.

Strotometra hepbumiana (figs. 808-811, p. 385). The side plates are small and

delicate, rather coarse in texture, with somewhat ragged edges. The general struc-

ture is as in related species ;
in lateral view the side plates are roughly oblong, half

again as broad as high, the distal border slightly concave, the proximal with a

notch in the proximal portion just below the middle, or with the whole proximal
half concave

;
the outer distal angle is slightly produced : the outer proximal angle

is slightly produced and broadly rounded
;
a low obtuse angle occupies the middle

of the outer border.

The covering plates are reniform, very broadly rounded, slightly broader than

long, the inner point where the inner edge passes over into the base almost a right

angle, the outer border curving in a wide semicircle from the distal border to the

point of attachment.

Charitometra basicurva (fig. 1167, pi. 27).

Family ANTEDONID^E.

Antedon petasus (figs. 784-786, p. 366). Normally each ambulacral lappet
contains a short, usually straight, rod which is not longer than the length of the

sacculus: these alternate with the sacculi, and their inner ends are just within a
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line drawn tangent to the outer borders of the latter; occasionally these rods are

forked at their outer ends
; frequently they are absent.

There are no other deposits.

Antedon bifida (fig. 1173, pi. 27, and pi. 50, fig. 1335). There are no calcareous

deposits in the perisome of the pinnules, nor in the tentacles.

W. B. Carpenter has noticed that in the very young the perisome of the

arms and pinnules contains irregular branching spicules which form a sort of

incomplete reticulation for the support of the ambulacral lappets; these subse-

quently undergo complete resorption so that no trace of them is discoverable in

the adults.

Antedon adriatica. There are no calcareous deposits in the perisome of the

pinnules, nor in the tentacles.

Compsometra loveni. Each ambulacral lappet contains an extremely slender

hair-like short rod, usually slightly bent in the middle, which is tangent to the

proximal border of the sacculus.

There are occasional spicules along the outer side of the tentacles.

Compsometra incommoda. Each of the ambulacral lappets contains a minute
short straight rod.

The tentacles contain a broad and conspicuous band of extremely fine spicules

along their outer side.

Toxometra paupera (fig. 767, p. 362). Each ambulacral lappet contains a

conspicuous and unusually stout rod, roughened at both ends and bent in the middle
at an angle of about 120, which runs downward to the pinnulars tangent to the

distal side of the sacculus.

There are no deposits in the tentacles.

Dorometra parvicirra (fig. 789, p. 366).

Eumetra chamberlaini. Each ambulacral lappet contains two slender cal-

careous rods
;
the longer, slightly and evenly curved distally, just crosses the distal

edge of the sacculus
;
the shorter is similar but only about half as long and corre-

spondingly more slender and is tangent to the proximal edge of the sacculus.

There are no deposits in the tentacles.

Iridometra adrestine. Each ambulacral lappet contains an excessively slender

very slightly curved rod, which in its lower portion is tangent to the proximal side

of the sacculus.

There are no deposits in the tentacles.

Iridometra melpomene,. Each lappet contains a slender curved rod, as in

/. adrestine.

There are no deposits in the tentacles.

Andrometra psyche. Each ambulacral lappet contains an excessively slender

slightly curved smooth calcareous rod which terminates just above, or just over
the outer border of, a sacculus.

There are no deposits in the tentacles.

TJiysanome.tra tenettoides. From the border of the pinnulars into each of
the ambulacral lappets there runs a very narrow but very conspicuous calcareous
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band two or three meshes wide, rarely wider, which toward the inner edge of the

lappet gradually broadens and forks so that its end is Y-shaped, the proximal arm

of the Y being as broad as the original band and making only a slight angle

with it, while the distal arm is smaller and narrower, making a considerably

greater angle with it; occasionally there is merely a spatulate expansion of the

outer end instead of the Y.

There are no deposits in the tentacles.

Coccometra guttata. Each ambulacral lappet contains a long, uniform, smooth,

slender rod. pointed at each end and slightly bent in the middle, which runs from

the tip of the lappet to the edge of the pinnulars, each rod tangent to a sacculus

on its proximal side.

There are no spicules in the tentacles.

Coccometra nigrolineata. Each ambulacral lappet contains a long, slender,

uniform rod, slightly roughened at the distal end and slightly bent in the middle,

which runs, tangent to the proximal side of a sacculus, to the edge of the pinnular.

Coccometra hagenii. Each of the ambulacral lappets contains an extremely

slender straight rod which runs downward tangent to the proximal border of the

sacculus. This rod may be so reduced as not to extend beyond the distal edge of

the sacculus, or it may even be entirely absent.

There are occasional minute rods in the tentacles, but most of these are with-

out deposits.

Perometra diomedece (fig. 772, p. 362). Each ambulacral lappet contains a

slender, usually straight, rod of medium length which runs downward to the

vicinity of the sacculi.

There are no deposits in the tentacles.

Erythrometra australis (h'g. 773, p. 362). Each ambulacral lappet contains

a short, rather stout, rod which is slightly swollen and roughened at each end,

especially the outer.

There are no deposits in the tentacles.

Erythrometra ruber. Each ambulacral lappet contains in its outer portion a

short straight rod directed outward and distally.

There are no deposits in the tentacles.

Hypalometra defecta (fig. 768, p. 362). Each ambulacral lappet contains a

single long, very slender, conspicuous rod directed outward and distally at an angle

of about 60.
Each tentacle contains a thin line of spicules placed end to end and slightly

overlapping which runs nearly to the tip.

There are no deposits in the tentacles.

Nanometra bowersi. Each ambulacral lappet contains a stout and prominent

rod, slightly bent in the middle and slightly roughened at each end.

There are no deposits in the tentacles.

Nanometra clymene. Each ambulacral lappet may contain a short, smooth,

bent rod, but these appear to be rare, only occasionally being met with toward

the tips of the pinnules.
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Heliometra maxima. Each ambulacral lappet contains a rather short, stout

rod, usually roughened at each end but commonly with the ends expanded and

pierced with from one to several holes.

There are no deposits in the tentacles.

Heliometra glacialis. In a specimen from Greenland each ambulacral lappet

contains in its outer portion a rod, usually straight but often with the inner end,

more rarely the outer also, broadened and pierced with one or two holes; some-

times the deposit takes the form of a very irregular and rudimentary plate with a

few holes of different sizes and shapes.

Between and just outside of the sacculi are other deposits, rods, or extremely

irregular rudimentary plates, which are widely separated from each other; these

usually occur just below the ends of the rods in the outer ends of the lappets, one

or two beneath each rod.

There are no deposits in the tentacles.

In a specimen from the Western Bank the deposits are similar to those in the

preceding but somewhat more developed. The outer portion of the ambulacral

lappets usually contains an irregular elongated plate instead of a rod.

There are irregular spicules occasionally to be found in the tentacles.

In certain specimens from the Barents Sea, P. II. Carpenter found extensive

calcareous deposits in the perisome of the pinnules.

Mortensen found a similar condition in others from eastern Greenland, in

which the plates along the pinnulars resemble those of Promachocrinus kerguelensis

or Anthom-etra adriani, though they are not so well developed. He says that " the

covering plates are large, cribrous, of very irregular outline; the lower part is

much the larger and may consist of two separate plates lying very closely together ;

they unite with the neighboring plates and thus form a complete covering on the

side of the ambulacral groove, interrupted only by the narrow spaces in which the

sacculi are lodged, sacculi and covering plates alternating regularly. The upper

part of the covering plate may be more or less separate, forming a very irregular

plate, whose adoral side is bent somewhat inward; this part is much smaller than

the lower part, the plates being thus widely separated from each other. The con-

nection between the two parts may be represented by a single rod, which forms,

however, mostly a more or less extensive network on its aboral, but not on its adoral,

side. On the genital pinnulse there are formed a number of thin, irregular plates

covering the widened portion between the joints and the ambulacral plates. When
dried these pinnulse thus show a very distinct irregular plating." He adds that the

perisomic plates are not found on the last six or seven pinnulars.
Promachocrinus kerguelensis (fig. 807, p. 378). Along the sides of the pin-

nulars is a continuous series of conspicuous plates, the distal border of each over-

lapping the base of the succeeding. The main portion of these plates is about as

high as broad, the distal and proximal edges being for the most part straight and

perpendicular to the base, but leaning somewhat distally in the terminal portion
of the pinnules. The outer angles are broadly rounded, and the middle half of

the outer border is produced into a roughly squarish process with an irregular
outer edge, which usually shows a narrow notch near the distal border. In the
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terminal portion of the pinnule this process becomes slightly longer and moves

proximally, so that its proximal border is continuous with the proximal border of

the main portion of the plate; the notch in the outer border also becomes more

constant and more prominent. In the axis parallel with the longitudinal axis of

of the pinnule the plates are slightly convex exteriorly ;
in the axis at right angles

to this they are rather strongly curved.

In other specimens this aclambulacral armament is seen in various stages of

degeneration, and apparently may be entirely absent.

The tentacles contain a conspicuous continuous band of fine interlaced spicules,

which runs along the outer side nearly to the tip.

Anthometra adriani. The lateral perisome of the pinnules is completely in-

closed in a continuous series of plates, the distal edges of which overlap the proximal

borders of those succeeding; these plates are about as high as broad at the base,

becoming higher distally, coarse in texture, with unfinished edges; the proximal

border is more or less straight ;
the distal is usually in the outer half or two-thirds

strongly convex; the middle half of the outer edge is abruptly produced in the

form of a long process, which at first is not much longer than broad at the base,

with the two outer corners broadly rounded, the proximal and distal sides nearly

parallel and convex and lying in a plane parallel with the longitudinal axis of the

pinnule, but which soon elongates, so that it is about as long as the major basal

portion of the plate, moves somewhat nearer the proximal border, and becomes

twisted, so that its proximal border is considerably nearer the midline of the pin-

nule than the distal
;
when the lappets are closed down these plates completely cover

the ambulacral groove interlocking exactly like the fingers on the two hands.

There are no spicules in the tentacles.

Florometra marke. In the outer portion of each ambulacral lappet is a short

rod, usually straight, slightly roughened at the ends, sometimes slightly bent. This

rod is often reduced to a mere spicule.

There are no deposits in the tentacles.

Florometra laodice (fig. 770, p. 362) . Each ambulacral lappet contains a long,

conspicuous stout rod roughened at each end, especially the outer, or with the

ends slightly expanded and pierced with numerous small holes, and slightly bent

just before the middle; sometimes these rods are much reduced.

There are no deposits in the tentacles.

Florometra asperrima (figs. 769, 771, p. 362). In a specimen from Bering Sea

each ambulacral lappet contains a long and very stout rod, straight or slightly

curved or bent, of which the inner end is slightly irregular and the outer third is

thickly beset with short spines, or, more rarely, expanded and perforated with a

few holes.

There are no deposits in the tentacles.

In a specimen from Monterey Bay, California, each ambulacral lappet contains

a long and prominent rod. roughened at each end, especially at the outer, very

rarely forked, and evenly and rather strongly curved.

There are no spicules in the tentacles.
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Florometra serratissima (figs. 774, p. 362). Each ambulacra! lappet contains

a slender rod, which is straight or slightly curved, roughened, rarely forked at the

ends, and of moderate length, reaching usually nearly or quite to the underlying
sacculus.

There are no deposits in the tentacles.

Florometra magellanica. Each ambulacral lappet contains a delicate straight

rod, short or of moderate length, slightly roughened at the ends.

There are no spicules in the tentacles.

Cyclometra clio. Each ambulacral lappet contains a slender, rather long rod,

which is slightty bent in the middle.

There are no spicules in the tentacles.

Sarametra triserwlis (fig. 801, p. 378). Each ambulacral lappet contains a

large and conspicuous fan-shaped plate, with five or six very long, slender spines

along the convex outer border. The lower pointed end of this fan is continued

downward in the form of a long, straight rod to the edge of the pinnulars.

There are no deposits in the tentacles.

Zenometra colwmnaris (fig. 800. p. 378). Each ambulacral lappet contains a

very large plate, which is elongate, more than twice as long as broad, slightly con-

stricted in the middle, with rounded ends
;
the outer border is very wide meshed and

bears a number of long spines ;
the inner end usually bears from two to four long

spines, which run to the border of the pinnular, but these may be reduced to one

stout spine. In the middle of this plate, lying nearer the distal than the proximal

border, is a large oval hole elongated in the same direction as the plate itself, which

may communicate with the exterior near its outer end.

There are no deposits in the tentacles.

Psathyrometra 'borealis. Each ambulacral lappet contains a long and very
narrow band-like plate abruptly bent in the middle, at the base tangent to the

distal side of the sacculus, terminating outwardly in from three to five long spines,

which are parallel to each other.

There are no deposits in the tentacles.

Psathyrometra fragilis. The deposits in the perisome of the pinnules resemble

those found in Ps. ~borealis.

There are no deposits in the tentacles.

Psathyrometra antarctica (fig. 765, p. 362). Each ambulacral lappet contains

a large, stout, and conspicuous smooth rod slightly bulbous and roughened at the

outer end which runs downward at an angle of about 60 to the border of the

pinnular, then abruptly turns proximally and runs along the edge of the pinnular
to the bent portion of the succeeding rod.

There are no deposits in the tentacles.

Psathyrometra gracillima. Each ambulacral lappet contains a long and

slender, almost straight rod which is roughened at each end, more especially the

outer.

There are no deposits in the tentacles.

Eumorphometra conclnna (fig. 806, p. 378). Each ambulacral lappet contains

a long, thick, and conspicuous rod, making an angle of nearly 60 with the border
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of the pinnulars, which is roughened or studded with small projections on its

somewhat enlarged outer end, and near the border of the pinnular suddenly ex-

pands into a coarse meshed reticulation adjoining a similar reticulation from the

adjacent rods.

There are no spicules in the tentacles.

Leptometra celtica (figs. 795, 799, p. 372). The lateral perisome of the pin-

nules is occupied by a continuous series of large plates, each of which distally over-

laps the base of the succeeding. The greatest diameter of these plates is in the mid-

dle
;
the sides of the portion below the middle are strongly concave, curving about

the sacculi, the curve being sharpest about the outer border of the sacculi and

gradually straightening out toward the base of the plate; in the middle of the

outer border of the plate are two prominent narrow projections side by side

separated by a narrowly rounded or V-shaped notch. From the base of these pro-

jections the outer border forms a rounded obtuse angle which lies about halfway
between the bases of the processes and the middle of the distal and proximal sides,

where it abruptly passes over into the lateral concavities. Usually on the distal

side the side of the distal outer process is carried further basally than on the

other, so that the angle on the distal outer border is much more nearly a right

angle than that on the proximal outer border; occasionally between the base of

the distal outer process and the angle on the outer distal border there is a rounded

notch, so that the latter takes the form of a prominent narrow angle directed out-

wardly; occasionally also the proximal side may run proximally from the tip of

the proximal outer process proximally and downward at an angle of 45 with

the edge of the pinnular to a point directly above the middle of the sacculus, when
it turns and runs perpendicularly downward. Viewed from the inside of the

plate the outer processes are seen to be much thickened; the thickening of the

distal process is confined to the process itself, while that of the proximal process

is continued for a considerable distance down on the inner face of the plate. The
outer third of the plate is curved inward toward the middle of the pinnule.

The tentacles usually contain a few small spicules which may form a group
or elongated patch in about their middle.

Leptometra phalangium. Each ambulacral lappet typically contains a large
tind conspicuous covering plate which is triangular, higher than broad at the base,

with the inner border more or less concave; these are sometimes much reduced in

size and irregular in shape, and occasionally occur only as straight rods leaning

slightly distally; rarely a side plate is found beneath the covering plate.

The tentacles usually contain a short band of roughened spicules near the

middle. Sometimes this band is narrower and much elongated; many of the

tentacles are entirely without deposits.

Notocrinus virilis (figs. 1329, 1330, pi. 49). The lateral perisome of the pin-

nules contains large plates which are usually triangular in shape with rounded

angles and mostly about half again as high as broad at the base. Their bases are

separated from each other by a space about equal, on the average, to half the basal

length.
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Beyond each of these side plates in the ambulacral lappets, but in contact with

their outer ends, lies a considerably smaller covering plate which is irregular in

shape, but usually more or less elongate, and tapers to the point of contact with

the side plate.

In addition to this type Mortensen figured very long and extremely narrow

band-like plates standing at right angles to the pinnulars, with beyond them, in

the ambulacral lappets, very irregular but usually narrow and elongate covering

plates.

Isometra vimpara (figs. 1328, 1331, pi. 49). Mortensen states that " some thin,

irregular fenest rated plates are developed along the borders of the ambulacral fur-

rows. They represent the side and covering plates, the latter being the larger.

The side plates are often irregularly arranged, so that it is difficult to find the one

corresponding to each covering plate; they may be even totally wanting; also, the

covering plates may be reduced to a single spicule, at intervals even totally

disappearing."
Mortensen has figured the spicules in the tentacles of this species; they are

long and straight, with usually rather numerous short and usually blunt pro-

jections. They are very inconstant. Mortensen says that " sometimes there may
be quite a bundle of them in a single tentacle of a pinnule, the .rest of them being

entirely devoid of spicules."

Hathrometra prolixa (figs. 1170, pi. 27, and 775, p. 362). In the specimen ex-

amined each of the ambulacral lappets contains a very long, more or less evenly

curved, smooth rod, the outer end of which usually has a few minute projections,

or, more rarely, is slightly forked or expanded, with a few perforations.

There were no spicules in the tentacles.

Mortensen has figured two types of plates in the lateral perisome of the pin-

nules of this species.

In one type the plates are in the form of long, smooth, curved rods, of which

the outer end, lying in the ambulacral lappets, is expanded and narrowly fan-

shaped, with from four to nine perforations and an unfinished and irregular distal

border, and the inner is parallel to the border of the pinnular, which it follows

proximally to well beneath the recumbent portion of the succeeding rod.

In the other type the rods are thicker, without any broadening of the outer end,

abruptly bent in an obtuse angle in the middle, and studded with minute thorns.

In a pentacrinoid larva figured by Mortensen these rods are more irregular,

with one or two long processes from about the region of the median angle on the

convex (distal) side.

Mortensen figures occasional spicules in the tentacles of the young penta-
crinoids of this species. These are in the form of irregular elongated calcareous

rods, which bear frequent minute obtuse spines.

Hathrometra tenella. Each ambulacral lappet contains a very slender and

delicate smooth rod, usually slightly curved, and of moderate length or short.

Some of the tentacles contain a thin line of spicules. which runs for a short dis-

tance along the outer side.
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Hathrometra sarsii (fig. 1174, pi. 27). In the lateral perisome of the pinnules

of this species Professor Sars found long, slender, slightly curved rods, with the

outer ends, in the distal outer portion of the lappets, expanded and pierced with a

few holes, and the inner ends, lying much more proximally, adjoining the border

of the pinnulars. Similar spicules occur in the brachial perisome from the first

appearance of the arms.

Fariom.etra explicata. There are no deposits in the perisome of the pinnules.

There are no spicules in the tentacles.

Trlchometra cubensis (fig. 766. p. 362). Each ambulacral lappet contains a

prominent long smooth rod, bent distally just before or at the middle, the outer

end of which bears several short spinules or processes, is slightly forked, or is

expanded with a hole surrounded by short irregular processes.

There are no spicules in the tentacles.

Trichometra vexator. There are no deposits in the perisome of the pinnules.

There are no spicules in the tentacles.

Thaumatometra nutrix. According to Mortensen there are no deposits in the

perisome of the pinnules and no spicules in the tentacles.

Thaumatometra tennis. In the outer portion of the pinnules each ambulacral

lappet contains a long and rather stout rod, bent just before the middle, with the

outer quarter roughened, armed with scattered short spinules, or expanded and

perforated with several holes.

Along their outer side the tentacles contain a broad and conspicuous band of

very fine interlaced spicules, which persists nearly to their tips.

Family PENTAMETROCRINID^E.

Thaumatocrinus rugosus. There are no deposits in the ambulacral lappets.

The genital glands are covered with large, thin, filmy plates.

There are occasional spicules in the outer side of the tentacles.

Thaumatocrinus borealis. On some pinnules each ambulacral lappet contains

a long but extremely narrow band-like plate, which reaches nearly to the edge of

the pinnulars. On other pinnules the lappets contain a long slightly curved rod,

slender and smooth, or thick and roughened throughout its length. Again, there

may be at the base of each lappet a very loose calcareous structure, consisting of one

or two, rarely of three, very large meshes of different sizes, usually accompanied by
a rod in the outer part of the corresponding lappet.

The genital glands are inclosed in a thin calcareous film, consisting of a large

meshed reticulation with very slender bars.

There appear to be no spicules in the tentacles.

Pentametrocrinus japonicus. At the base of each of the ambulacral lappets is

a very loose meshwork of from 5 to 12 meshes, which are small near the pinnular
and rapidly become larger outwardly and distally, bordered with unfinished

meshes. The structure extends outwardly and distally from the point nearest the

pinnular, or from a point near the inner border.
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Within the ambulacral lappets is a long, straight or slightly bent rod, some-

times two, which is studded with scattered short spinelets in the outer portion and

with the outer end expanded, forked, branched, or modified in other ways; from

the outer portion of the lappet this passes inwardly and proximally, making an

angle of about 45 with the pinnular, along the outer proximal side of the large

meshwork first described to the pinnular.

The genital glands are entirely covered by curious scale-like plates of mod-

erate size, subequal, with rounded angles and no reentrant sides, which imbricate

outwardly, away from the pinnulars ;
these plates have excessively tine perforations,

and usually appear imperforate.

There are no deposits in the tentacles.

Pentametrocrinus tuberculatus. The perisomic deposits resemble those of

P. japonicus.
Over a swollen genital gland the plates in the perisome, which are entirely

separated from each other, appear subequal, all subcircular, with a slightly thick-

ened white spot in the center surrounded by concentric rings of extremely minute

perforations.

Pentametrocnnus varians (fig. 802, p. 378). At the base of the ambulacral

lappet is a large, coarse-meshed plate, with unfinished edges, more or less oval in

outline, longer along the longitudinal axis of the pinnule than high.

Beyond the proximal outer side of this plate, making an angle of 45 with the

edge of the pinnulars, is a long, stout, and slightly curved rod. which reaches nearly
to the edge of the pinnulars, and of which the outer end, over the distal portion of

the large plate, bears on its outer side a few short branches, or two or three meshes.

The genital glands are completely incased by a pavement of rather small sub-

equal polygonal plates of very fine texture.

There are no deposits in the tentacles.

Family ATELECRINID^E.

Atelecrinus sulcatus. Each ambulacral lappet contains in its outer portion a

rather conspicuous elongated triangular plate, with the apex at the distal end of

the lappet and the longest side parallel to the ambulacral groove; the shortest

(proximal) side makes an angle of about 45 with the edge of the pinnulars; these

plates are widely separated from each other.

There are no deposits in the tentacles.

The occurrence of the several types of adambulacral deposits is shown in the

following table :

a1
. No adambulacral structures; the ventral perisome is either entirely naked, or contains only

minute irregularly scattered spieules.

Comatella nigra. Nemaster rubiginosa.

ComatelJa stelligera. Nemaster discoidea.

Comatella maculata. Comissia liitkeni.

CapUlaster sentosa. Comissia Uttoralis.

Capillaster multiradiata. Comatulides australis.

CapUlaster coccodistnma. Comaster novccguinecc.
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Comaster minima*. Amphimetra spectabilis,

Comaster multil>rachiata. Stephanometra echinus.

Comaster fruticostis. Stephanometra monacantltn.

Comaster distincta. Oxymetra flnschii.

Comaster parvus. Oxymetra aranea.

Comaster taviana. Dichromctra ciliata.

Comaster delicatn. Dichrometra flagellata.

Comantheria polycnemis. Mariametra suocarinatn.

Comantheria briareus. Lam.prometra palmata.
Comanthina schlegelii. Lamprometra protectus.

Comanthus pingni-s. Cenometra unicornis.

Comanthus solaster. Cenometra delicata.

Comanthus japonicus. Cenometra herdmani.

Comanthus trichoptera. Cyllometra disciformis.

Comanthus benhami. Cyllontetra albopnrpurea.
Comanthus wahlbergii. Oligometra serripinna.

Comanthus samoana. Antedon petasus.
Comanthvs annulata. Antedon biflda.

Comanthus parvicirra. Antedon adriatica.

Zygometra microdiscua. Promachocrinus kcrgiieJennis.

Zygometra elegans. Fariometra explicata.

Catoptomctra magniflca. Trichometra vexator.

Himerometra magnipinna. Thaumatometra nutrix.

Himerometra robustipinna. Thaiimatocriniis rngosits.

a1
. Definite plates present In the ambulacra] lappets or In the lateral perisome of the pinnules

between them and the pinnulars, or In both situations.

6
1

. Two series of plates or splcules present ; a plate or spicule in each ambulacra! lappet and
another between this and the border of the pinnulars.

c
l
. Plates of both series large, conspicuous and highly developed, the lateral perisome of

the pinnules and the ambulacral lappets being completely inclosed by them:

plates iu the lappets more or less circular, oval, or reniform ; lateral plates with n

narrowly produced distal and broad proximal process, and on the inner side two

prominent ridges, the distal curved and usually interrupted, the proximal straight,

at right angles to the pinnulars, and carrying the covering plate articulated to

the outer end.

d1
. No supplementary side plates present.

e1 . The sacculi do not pierce or notch the side plates.

Ptilometra macronema. Pterometra magnipeda.
Ptilomftra milUeri. Pterometra splcndida.

Asterometra anthug. Pterometra puiclicrrimn.

Asterometra macropoda. Pterometra tricJiopoda.

Asterometra cristafa.

e'. The sacculi reach the exterior through boles in the side plates, or through

gaps between them formed by two apposed notches.

f. The outer portions of the saeculi pass to the exterior through apertures

formed by two rounded notches in the adjoining ends of adjacent

plates.

Keometra alecto. Caloinetra fliscoidea.

Neometra acanthaster. GcpJiyrometra propinqua,

yeometra conaminis. Pectinometra cnrduum.

ffeometra gorgonia. Pcctinometra flavopurpurca.

Calometra callista. Ptilometra macronema.
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Ptilometra millleri. Aglaometra eupedata.

Cosmiometra crassicirra. Crossometra helius.

Cosmiometra delicata. Perissometra selene.

Stylometra spinlfera. Perissometra patula.

Stenometra quinquccostata. Perissometra lata.

Stenometra cristata. Pachylometra distincta.

Stenometra diadema. Chondrometra robusta.

Daidalometra hana. Calj/ptometra lateralis.

Parametra orion. Glyptometra tuberosa.

Parametra granulata. Crinometra insciilpta.

Thalassometra villosa. Chlorometra garrettiana.

f. The outer portions of the sncculi pass to the exterior through large

holes near the proximal borders of the side plates.

Monachometra fragilis. Pacilometra scalaris.

d'. Supplementary side plates are present.

e1
. The supplementary side plates are in the form of elongate triangular, some-

what recurved, plates situated on the outer distal angle of the side

plates, to which they appear to be articulated.

Thalassometra villosa.

e*. The supplementary plates are in the form of long boomerang-shaped plates,

broader in the outer than in the inner portion, lying in a plane making
a relatively small angle with the transverse planes of the pinnule, and

situated between the side plates, or just within their distal borders; at

the base of the pinnules the supplementary side plates may be divided

into a rounded outer and an elongated and less developed inner portion,

the former appearing as a supplementary covering plate.

Cosmiometra crassicirra. Parametra granulata.

Cosmiometra delicata. Oceanometra gigantea.

Stylometra spinifera. Oceanometra annandalei.

Parametra orion.

c*. Plates of both series more or less reduced and often rudimentary, the plates of the

two series separated from each other.

d1
. Plates of one or the other series composed of a delicate reticulation.

e*. Covering plates composed of a delicate reticulation, or, if more or less

spiculiform, lying with the axis parallel to the border of the piunulars.

f. Side plates forming a continuous series, imbricating distally.

g
1

. Side plates dense, with a strong median ridge.

Pontiometra andersoni.

g
1
. Side plates composed of a thin cribriform film. .

Heliometra glacialis.

f. Side plates not in contact.

g
1

. Side plates forming irregular or narrow triangles or bands, with

the longer axes at right angles to the pinnulars.

Tropiometra macrodiscus. Heliometra glaoiaKs.

Tropiometra afra. Promachocrinus kerguelensis.

Tropiometra carinata. Notocrinus virilis.

Thysanometra tenelloi&es. Isometra vMpara.

142140 21 Bull. 82 20
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rf. Side plates reduced to a spioule, or to a group of spicules.

Neocomatella alata. Heterometra oengalensis.

Neocomatella pulchcJIu. Heterometra compta.

Capillaster muWradiata. Heterometra pulchra.

Comatula rotalaria. Heterometra reynaudii.

Comatula Solaris. Heterometra quinduplicava.
Comatula pectinatu. Homalometra denticulata.

Comactinia merldionaUs. Amphimetra discoidea.

(Jomaster multibrachiata. Amphimetra parilis.

Craspedometra acuticirra. Oxymetra aranea.

Heterometra erenulata. Tropiometra macrodiscus.

Heterometra sarignii. Tropiometra afra.

Heterometra pliililerti. Tropiometra picta.

e*. Covering plates reduced to straight or curved rods, but side plates composed
of a delicate reticulation.

Eumorpliometra concinna. Pentametrocrinus japonicus.

Thaumatocriniis torcalis. I'cntametrocrintis variant.

Penlametrocrinus tuberciilatu*.

d*. Both side and covering plates spu-uliform.

NeocomateUa pulcJtclla. Eitdiocrinus venustulus.

Neocomatella alata. Himerometra bartschi.

Capillaster i/niltinnlinln. Heterometra guinduplicava:

Nemaster ruWginosa. Amphimetra parilis.

Leptonemaster vcnustvx. Lamprometra gyges.

Kygometra comata. Cyllometra anopurpurea.
Eudiocrinus indivisuis. Decametra mylitta.

Eitdiocrinus junceux. Oligometrides adeonce.

Eudiocrhius pinnattifi. Eitmetra- clia.m'berlatni.

6
a

. Only a single series of plates present.

c1
. The perisome of the pinnules is completely occupied by a continuous series of large

Imbricating plates.

Heliometra glacialis. Anthometra adriant.

Promachocrnnis kergnelensis. Leptometra celtwn.

c'. The ambulacral lappets contain plak'S, rods, or spicules, which are entirely inde-

pendent of those on either side.

(?'. Each lappet contains a definite plate.

e1
. The plates are strongly convex outwardly, and usually large.

Nemaster nrandis. Nemaster rubiginosa.

Nemaster ioH'ensis. ComatiHa. iridomctriforiuix.

?. The plates are plane, or nearly so.

f. The plates are small, triangular, and confined to the apices of the

lappets.

Atelerrin a xnlcatn/i .

f. The plates are large, and are continued downward almost or quite to the

pinnulars.

<7\ The plates are fan-shaped.

Sarametra iriserialis.

g". The plates ha^e approximately parallel sides.

h\ The plates are very broad, ovaT In outline.
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Zenometra columnaris.

h'. The plates are very narrow and baud-like.

Psathyrometra borealis. Thatimatocrinus bureaUs.

Psathyrometra fragiUs. Isometra vivipara.

<?. Each lappet contains a single rod or spicule.

(?. The rods or spicules are straight.

Comatonia cristata. Tropiometra picta.

Himerometra martensi. Tropiometra indica.

Mariametra delicatissima. Antedon petasus.

Cullometra disciformis. Compsometra loveni.

Cyllometra albopurpurea. Compsometra incommoda.

Decametra taprolanes. Erythrometra ruber.

Decametra tigrina. Erythrometra austraUs.

Decametra parva. Heliometra maxima.

Cololtometra vepretum. Heliometra glacialis.

Colobometra discolor. Florometra marte.

Prometra chadwicki. Florometra. asperrima.

Cotylometra gracilicirrn. Florometra serrati-ssima.

Oligometridcs adeonce. Florometra magellanica.

Oligomctra carpenteri. Psathyrometra gracillima.

Oligometra serripinna.

e*. The rods or spicules are curved or bent.

f. The convexity of the curve Is outward and proximal.

Oatoptometra hartlauU. Coccometra hagenii.

Catoptometra ophiura. Tfanometra clymene.

Amphimetra papuensis. Florometra marice.

Oxymetra fiinschii. Florometra laodice.

Cyllometra albopurpurea. Florometra asperrima.

Prometra chadioicki. Florometra serratissima.

Antedon petasus. Cyclometra clio.

Compsometra loveni. Trichomctra cubensis.

Toxometra paupera. Thaumntocriivus borealis.

Jridometra adrestine. Pentametrocrinus tuberculatus.

Iridometra melpomene. Pentametrocrinus japonicns.

Andrometra psyche. Pentametrocrinus variuns.

Coccometra nigrolineata.

f. The convexity of the curve is Inward and distal.

Comntonia cristata. Psathyrometra antarctica.

Dichrometra doderleini. HatJirometra prolixa.

Mariametra delicatifsima. Uathrometra tenella.

Decametra mylitta. Hathrometra sarsii.

Olignmetra scrripinna. Thaumatometra tennis.

Hypalnmetra dcfcctn.

From the preceding analysis it is evident that the relationships between the

various types of adambulacral structures and the systematic position of the. species

is quite similar to the relationships between the latter and the various types of

cirri; that is to say, only a small minority of the systematic units have character-

istic adambulacral plates. It is interesting to note further that the systematic
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units in which the cirri are most uniform and most distinctive also have the most
uniform and distinctive adambulacral plates, and the reverse. In certain groups
a single specimen often has two or more types of cirri

; similarly, a single specimen
has two or more types of adambulacral plates ; also, in the case of both structures,
most marked in the Heliometrinse, there may be great variation in different speci-
mens of the same species.

In their relation to calcification the ambulacral lappets of the pinnules and
the adjacent lateral perisome show three chief conditions.

In the 203 species examined the ambulacral lappets contained each a single
rod or spicule in 65 specimens, representing the following families :

Comasteridae (very rare). Colobometridce (majority).

Zygometridse (rare). Tropiometridse (rare).

Himerometridae (rare). Antedonidae (majority).
Mariametridse (rare). Pentametrocrinidae (alternative).

In 60 specimens there were no definite ambulacral structures whatever. These

were distributed in the following families :

Comasteridae (great majority). Mariametridae (majority).

Zygometridae (majority). Colobometridse (about half).

Himerometridse (minority). Antedonidae (Antedon only).

Stephanometridse (all). Pentametrocrinidae (one species).

In 52 species very highly developed side and covering plates, always of the

same general type, were present. These species included all of those examined

in the families Calometridae, Thalassometridae, Charitometridae.

In the remaining specimens very diverse conditions were found, which, how-

ever, were always traceable to one or other of the two last.

In the families Calometridae, Thalassometridae. and Charitometridae the side

plates possess certain distinctive features by which the species may be assignee
to their proper family.

In the Calometridse there is a remarkable uniformity of structure throughout
the genera and species, but in the other two families there is considerable variation.

In the Thalassometridae the species of the subfamily Ptilometrinae and of the

genera Stylometra and Oceanomctra appear to possess distinctive side and cover-

ing plates, while the same is true of the species of MonacJwmetra and Pcecilo-

metra in the Charitometridae
;
but in the other genera no distinctive features are

evident, though certain peculiarities, such as the possession of supplementary side

plates, are confined to limited groups of genera.
The side plates of Pontiometra appear to be distinctive; but only one speci-

men was examined, and it is quite possible that they may be subject to more or

less extensive variation.

The Pentametrocrinidae have a curious combination of a rod and a plate which

is diagnostic, though in certain parts of each individual rods alone may be found.

Sarametra possesses a quite unique type of adambulacral plating, which is evi-

dently a modification of the equally unique type found in Zenometra, both of which
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are clearly related to the type characteristic of most of the species of Psathyro-

metra, and occurring also in Thaumatometra, Ifsometra, and Thysanvmetra.
In the genus Eumorphometra a combination of rods and plates occurs which

suggests the conditions found in Sara-metro, inverted, and the conditions in the

Pentametrocrinidse.

The genus Atelecrinus exhibits a very distinctive type of covering plate, but

as only one pinnule was available for study its possible variations could not

be traced.

A further development of the same type occurs in the species of the genus

Nemaster, and in a still more perfected form in Comatilia.

In the Comasteridse, Himerometridse, and Tropiometridse the adambulacral

armature, when present, is almost invariably of a very distinctive type, which,

however, is alike in all three families.

Most commonly the adambulacral deposits are in the form of simple spicules

or rods, which occur either singly or in tandem pairs. These spicules or rods are

straight or slightly curved, and measure in Leptonemaster venustus about 0.020

mm.
;
in Zygometra comata, from 0.015 mm. to 0.025 mm.

;
in Eudiocrinus pinnatus,

from 0.070 mm. to 0.115 mm.; in Cyllometra albopurpurea, from 0.002 mm. to

0.090 mm. ; in Antedon petasus, from 0.025 mm. to 0.050 mm.
;
in Perometra

diomedece, from 0.025 mm. to 0.060 mm.
;
and in Hathrometra prolixa, about 0.300

mm. In nearly all of these types they are more frequently absent than present.

Since in the majority of comatulid types, representing all the comatulid

families excepting the Atelecrinidse (of which our knowledge is very limited) the

perisome of the pinnules is quite without deposits, contains a vast multitude of

extremely minute spicules, or a series of simple spicules, in other words, recapitu-

lates more or less exactly the conditions found in the perisome of the disk of which

it is the direct continuation
;
since the adambulacral deposits never show any trace of

ontogenetical degeneration; and since, while all plates of every sort develop origi-

nally from minute spicules, and a spicule may increase in size without forming a

plate, and there is no evidence, so far as I am aware, that a plate which has once at-

tained phylogenetic significance ever degenerates into a solid rod or spicule, we are

apparently justified in assuming that the adambulacral armature of the pinnules

consists merely of perisomic (secondary) plates strictly comparable with the

pcrisomic plates of the disk, but localized and modified as the result of physical

limitations and mechanical factors, originating as a consequence of the inherent

tendency in the crinoids to form calcareous deposits wherever possible, and of inde-

pendent origin within the group and even within small divisions of the group, with

no phylogenetic history whatever behind them. The adambulacral plates are thus

merely the continuation upon the arms and pinnules of the perisomic plates of the

disk, and in those species in which they are highly specialized forms intermediate

between them and the plates of the interpalmar regions may always be found along
the disk ambulacra.

The simple spicule may develop in either of two directions: (1) It may simply

enlarge and thicken into a stout rod, almost invariably with the outer, or with

both, ends swollen and roughened, as in Comatonia cristata, Oligometrides adeonce.
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Toxometra paupera, Erythrometra australis, Psathyrometra antarctica, Florometra

asperrima, and Florometra laodice; or (2) it may broaden into a plate, either

directly after its first appearance, or after it has taken on more or less of the rod-

like character.

An intermediate type is seen in such forms as Florometra serratissima, Floro-

metra asperrima, Hypalometra defecta, Hathrometra prolixa, and Trichometra

cubensis, where more calcareous matter is deposited on the distal end of the plate

than elsewhere, and this is largely laid down in a plane parallel to the surface, so

that a broadened and flattened end, often with large incisions or pierced with one

or several holes, results.

If this additional deposition is extensive and all in one plane, a fan-shaped

form, as seen in Sarametra triserialis, derived through the type found in Penta-

metrocrinus various, results
;
and if both ends are similarly modified, an oval form,

as seen in Zenometra columnaris.

After a considerable growth the spicule may fork or branch, so that a large

and stout triradiate or branched spicule results; spicules of this type are usually,

perhaps always, intermixed with others of simpler form ; they are seen well illus-

trated in Neocomatella pulchella and in Nemaster rubiginosa.
If the branching first occurs when the spicule is smaller, greater complexity is

found and one or two complete meshes may be formed, as in Amphimetra discoidea

and in Heterometra bengalensis; and if it occurs when the spicule is very small a

more or less definite plate with indefinite borders results, as in Pontiometra an-

dersoni and in Tropiometra macrod'iscus.

But instead of first undergoing more or less enlargement as a spicule, the

original spicule may almost from the start take the course of the spicules which

form the bases of the first plates to appear in the larvae
;
that is to say, it may almost

immediately develop into a fine network, spreading out over the perisomic regions
and entirely inclosing them

;
the cells in this network, however, are never so small

as those in the primary plates.

When this occurs the relative distinctness and mobility of the outer portion of

the lappets will determine whether there is a single series of large plates, as in

Promachocrinus kerguelensis, or in Comatilia. iridometriformis, or whether there

are distinct side and covering plates, as in the species of Calometridse, Thalasso-

metridae, and Charitometridse.

Though the side plates in the Calometridae, Thalassometridae, and Charito-

metridse show great uniformity, and their structure is usually very complicated,
there is not the slightest reason for supposing that they are phylogenetically con-

nected with the adambulacral plates of any other groups, or that they are anything
else than the result of the secondary calcification of the perisome, which has been in-

fluenced by purely local factors.

Each side plate is the external covering of a definite unit, composed of the

inner portion of an ambulacral lappet and the associated tentacles and sacculus.

In their most simple form the side plates in these families are low and approxi-

mately oblong in shape, with rounded corners, as seen in Asterometra macropoda
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and in PtHometra mulleri. In the latter they first appear at an extraordinarily late

developmental stage.

Increase in the height of the side plates brings them into contact with the

sacculi below them, and in their distal portion with the tips of the tentacles which

when folded down lie on the outer border of the ambulacra! groove beneath or

beyond the outer edge of the covering plate, and almost over the sacculus above

them. The downward extensions of the plates pass around the superficial portion
of the sacculi, which at first come to lie in gaps formed by the excised lower corners

of two adjacent plates, and later in holes formed by two apposed rounded notches

just below or even at the middle of the borders of two adjacent plates. In some

cases the plates may grow entirely around the sacculi, leaving them protruding

through more or less circular holes near the proximal border, as in M onachometra

fragUis and in Pcecilometra scalaris; but in the types in which this occurs all

stages may always be found between the isolated perforation and the usual two

apposed notches. Even when the sacculus reaches the exterior through a perfora-
tion near the proximal border of the side plates the adjoining distal edges of the

adjacent side plates are notched, since, as a result of the contour of the side plates

and of the position of the sacculi, they come in contact with them.

The uniform outward growth of the side plates is prevented by the tentacle

tips, and in each side plate a large semicircular notch is formed in the distal

portion of the outer border in which the tentacle tip rests
;
this leaves a slender

curved horn-like process on the distal outer angle between the tentacle tip and

the sacculus.

On the inner surface of the plates septa appear more or less inclosing the

sacculi which lie over the apposed edges of adjacent plates, and to the outer end

of the proximal septum the covering plate is attached.

Whenever sacculi are absent the distal and proximal borders of the side plates

promptly reassume their normal form. If a sacculus be absent, but the notches

in the ends of the plates present, it indicates that the sacculus has merely dis-

charged its contents and that another will soon form in the same place.

The formation of the supplementary side plates results from the separate
calcification of the main proximal portion and the distal border of the lappets.
Since the supplementary side plates are formed within the tissue ordinarily inclos-

ing the distal border of the side plates with their accompanying ridge, they are

in reality nothing but this distal border which has become detached from the

main body of the plate ; and, indeed, in certain species the progressive detachment

of this portion of the plates may be traced in all its stages.

The cause of this detachment of the distal border of the plate appears to

lie in the compensation, by the swinging outward of the side plate, of the interior

crowding caused by the unusually deep downward flexion of the covering plates.

This lateral movement of the side plates, pivoting on the proximal border, can not

be extended to the distal border of the plate the ridges on the inner side of which

pass deeply within the tissues of the pinnule; there thus remains a permanently
uncalcified strip of perisome between the mobile main portion of the plate and
the fixed distal border.
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Any movement of the kind just described would first affect the outer border

of the side plates, thence gradually extending itself downward; and we find that

the supplementary plates become separated off, though a rapid deepening of the

notch between the distal outer process and the main body of the plate in which

the tip of the tentacle ordinarily lies, accompanied by a progressive eversion of

the plate.

In Oceanometra gigantea the supplementary plates undoubtedly represent the

inner portions of the curved ridge on the inner side of the distal borders of the

side plates which have become detached from the main body of the plates through
the shifting proximally of the sacculus and the moving downward of the tentacle tip

when the covering plates are closed over the ambulacral groove, these changes

having resulted in the resorption, or nonappearance, of any portion except the

crests of the two sections of the distal ridge.

Although the adambulacral deposits in the comatulids are sporadic in origin,

in the group as a whole as well as in many of its subdivisions, and of purely

secondary significance, without any such direct homologies as we are, for instance,

able to trace in the primary plates, still there are certain possibilities to be con-

sidered in connection with them.

It has already been explained that the crinoid arm is not an appendage, prop-

erly speaking, but an enormously elongated branched eversion of the body wall

from a point exactly on the line where the heavily calcified dorsal surface joins

the perisomic surface, which carries out within it extensions from all the ring
formed structures about the mouth and gullet, as well as an extension, the dorsal

nerve cord, from the central nerve mass. The only organs not continued outward

into the arms are (1) the digestive tube, (2) the axial organ, which arises from

the wall of the digestive tube and is probably the homologue of the so-called

notochord in other invertebrates, and (3) the chambered organ, which is intimately
connected with the axial organ and lies within the central nervous system.

Within the arm the extensions from the ring systems about the mouth and

gullet maintain their original relationships ;
and as in the calyx the central dorsal

nervous mass is isolated in the centrodorsal, so in the arms its extension is isolated

within the calcareous substance of the brachials and pinnulars.

Before the formation of the arms we find in the young crinoid five lappets
about the mouth, over which they can be closed, each of which has associated

with it three tentacles, and at the base on either side a sacculus.

Along the ventral side of the arms and pinnules, bordering the ambulacral

groove, just as the lappets about the mouth border upon the peristome, with the

same relationships with the extensions of the ring systems as the oral lappets
have to the ring systems themselves, and each with a group of three tentacles and

a sacculus on either side of the base, we find a continuous series of lappets.

From their size, structure, and relationships we appear to be justified in

assuming that the lappets bordering the ambulacral grooves of the arms and pin-

nules are not only strictly homologous with those about the mouth, but with the

latter at the stage at which the arms are first formed; that is to say that while

the lappets about the mouth undergo many changes in passing to the adult stage.



FIGS. 537-548. PINNULE TIPS OF VARIOUS COMATULIDS. 537. CROSSOMETRA INVESTIGATORIS, LATERAL VIEW.

538. SAME, DORSAL VIEW. 539. PCECILOMETRA SI-AI.AKIS. LATERAL VIEW (DRAWING BY AUTHOR).
540. SAJIK (DRAWING BY AUTHOR). 541. SAME (DRAWING BY AUTHOR). 542. SAME (DRAWING BY

AUTHOR). 543. HELIOM'BTHA GLACIALIS, FROM YOUNG SPECIMEN, LATERAL VIBW. 544. HELIOMETRA

CLACIALIS, TIP OF PL 545. SAME. 546. SAME. 547. HELIO.METUA GLACIALIS, FROM A YOUNG SPECIMEN,
DORSAL VIEW. 548. HELIOMETRA GLACIALIS, FROM YODNQ SPECIMEN, LATERAL VIEW.

289



290 BULLETIN 82, UNITED STATES NATIONAL MUSEUM.

those upon the arms and pinnules remain at the stage of development represented

by the first ones to be formed upon the arm bases.

Invariably in the young of the comatulids the five lappets about the mouth
contain each a large plate primarily more or less oval or rounded in shape, but

with the edges abruptly upturned in such a way that the major portion presents
a triangular outline (the oral) ; invariably in the recent stalked crinoids. and in

a large proportion of the mature comatulids, the lappets along the ambulacra!

grooves contain similar plates.

Since the ambulacral lappets appear to be clearly homologous with, or rather

reduplications of, the five original lappets about the mouth, the covering plates

which they contain must be, to some extent at least, reduplications of the orals

which in size, shape, and structure they resemble.

While it appears reasonable to consider the covering plates as at least analogous
to larval orals, which they resemble even in their manner of closure, no such close

comparison is possible between the side plates and the basals; and yet the two have

certain features in common which can not be overlooked.

At the time the orals are at the stage represented by the covering plates in

those comatulids in which they are most developed, the basal beneath each bears

the same relation to the ring systems about the mouth as the side plates do to the

brachial extensions of these ring systems ; furthermore, the lower ends of the

basals are bent inward over the topmost columnal in just the same way that the

lower borders of the side plates are bent inward over the ventral surface of the

pinnulars. The basals in the comatulids eventually pass inward and transform

into the rosette, protecting the dorsal nerve cords; the side plates develop strong

inward extensions, and the distal borders, as we have seen, may pass entirely

within the fleshy portion of the pinnule. The orals are much less variable than

the basals, and similarly the covering plates are less variable than the side plates.

The interest in the preceding discussion lies not so much in the homologies, or

analogies, involved as in the possible bearing on the origin of the basals and orals

themselves.

It is clear that the adambulacral structures are reduplications of the five

perioral lappets of the larva
;

it is not improbable, therefore, that the calcification

of the ambulacral lappets and the formation of the basals and orals followed the

same path. The calcification of the basals and orals must be complete in order to

furnish a support for the larval calyx; the ambulacral lappets are supported by
the brachials or pinnulars, and there is no such necessity for further support.

Thus the calcification of the ambulacral lappets may occur in any form between

the most primitive and the most perfected, while only the perfected type is possible

in the case of the basals and orals.

A reasonably complete sequence can be traced in the calcification of the lappets

from an integument containing multitudes of minute spicules, suggesting those of

such ascidians as Didzmnum, through enlarged single spicules, which may reach a

very large size, to plates.

If the similarity between the adambulacral plates and the basals and orals is

more than superficial, the available facts would suggest the following inferences:



MONOGRAPH OF THE EXISTING CRINOIDS. 291

(1) The basals and orals in the early larva are perisomic plates, not having as yet
assumed their ultimate status of primary plates; (2) the plates of the crinoid

calyx originated as a development from an integument filled with minute spicules ;

and (3) the spicules in such an integument may develop individually into special-
ized forms, such as large spicules, rods, scale-like plates, buttons, or anchors, or

through plates of the perisomic type into the typical crinoid plates.
There is an interesting superficial similarity between the side and covering

plates in the crinoids and the so-called "snowshoes" developed (from modified

feathers) along the sides of the toes of certain grouse in winter (fig. 762, p. 353) to

increase the area covered by the feet, and thus to enable them to travel over
soft snow.

TENTACLES.

In the details of their anatomical and histological structure the tentacles

appear to vary but little in the different groups. There is great diversity, however,
in the extent to which calcareous deposits are developed within them.

These calcareous deposits, when present, are always in the form of small

spicules, sometimes smooth, straight, or bent, but usually roughened or studded
with minute spines and more or less irregular.

The manner of occurrence of these spicules is indicated in the following table :

o\ No calcareous deposits in the tentacles:

Comatella nigra. Amphimetra papuensis.
Comatella stelligera. Stephanometra monacantha.
Comatella maculata. Pontiometra andersoni.

Capillaster sentosa. Oxymetra finschii.

Capillaster multiradiata. Dichrometra flagellata.

Capillaster coccodistoma. Dichrometra ddderleini.

Comissia littoralis. Mariametra subcarinata.

Comatula pectinata. Mariametra delicatissima.

Comactinia meridionalis. Lamprometra palmata.
Comatulides australis. Cenometra delicata.

Comaster minimus. Cenometra unicomis.

Comantheria polycnemis. Cyllometra albopurpurea.
Comanthus pinguis. Decametra parva.

Comanthus solaster. Prometra chadwicki.

Comanthus japonica. Oliffometra carpenteri.

Comanthus trichoptera. Cosmiometra orassicirra.

Comanthus annulata. Tropiometra macrodiscus.

Zygometra microdiscus. Tropwmetra afra,

Zygometra elegans. Tropiometra carinata.

Catoptornetra magnified,. Tropiometra picta.

Himerometra martensi. Tropiometra indica.

Bimerometra magnipinna. Antedon petasus.

Himerometra robustipinna. Antedon bifida.

Eeterometra, crenulata. Antedon adriatica.

Eeterometra pulchra. Toxometra paupera.
Bomalometra denticulata. Eumetra chamberlaini.

Amphimetra spectabilis. Iridometra adrestine.

Amphimetra discoidea. Iridometra melpomene.
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inarometra psyche. Psathyrometra borealis.

Thysanometra tenelloides. Psathyrometra fragilis.

Coccometra hagenii. Psathyrometra antarctica.

Erythrometra ruber. Psathyrometra gracillima.

Erythrometra australis. Eumorphometra concinna,

Heliometra maxima. Leptometra celtica.

Heliometra glacialis. Isometra vivipara.

Anthometra adriani. Hathrometra pro/tea..

Florometra mariw. Fariometra explicata.

Florometra laodice. Trichometra culiensis.

Florometra asprrrima. Trichometra vexator.

Florometra serratissima. Thaumatometra nutrix.

Florometra magellanica. Thaumatocrinus boreoiis.

Cyclometra clio. Pentametrocrinus japonicus.

Sarametra triserialis. Pentametrocrinus varians.

Zenometra- columnaris.

a'. Spicules are present In the tentacles, or the tip is protected by a more or less developed plate.

61
. Tip of the tentacles naked and unprotected.

c1 . Spicules Irregularly scattered.

a1
. Spicules not localized, and few in number.

Neocomatella pulchella. Comatula pectinata.

Neocomatella alata. Oomaster minimus,

d". Spicules more or less definitely localized.

e1 . Spicules confined to the proximal portion of the tentacle.

f
1
. Spicules few In number.

Comantheria Inarms. Prometra chadwickl.

Comanthus roahJbergii. Oligometra serripinna.

Comanthns parvicirra. Tropiometra macrodi-sous.

Zygometra comata. Tropiometra imdica.

Catoptometra hartlaubi. Compsometra loveni.

Oxymetra finschii. Coccometra hagenii.

Dichrometra doderleini. Leptometra celtcia.

Lamprometra palmata. Isometra vivipara.

Cenometra unicornis. Hathrometra prolixa.

Cyllometra disciformis. Hathrometra tenella.

Cyttometra albopurpurea. Thaumatocrinus rngosus.

Decametra tigrina.

f. Spicules numerous.

Comatilia iridometriformis.

e*. Spicules occurring only in the distil portion of the tentacle.

Oceanometra gigantea.

c1
. Spicules arranged in broad bands.

d1
. A single broad band of spicules along the outer side of the tentacles, which may

reach nearly to the tip.

Comissia lutkeni. C'omaster distincta.

Leptonemaster vcnustus. Comaster parvus.

Oomatonia cristata. Comaster taviana.

Comaster novccguinea;. Comunthus lenhami.

Comaster multibrachiata. Comanthus sanwana.

Comaster fruticosus. Eitdiocrinus indivisiis.
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Oaloptomctra Jiartlaubi. Colobometra vepretum.
Heterometra qiiinduplicava. Colobometra discolor.

AmpJiimetra parilis. Cotylometra gracilicirra.

Dichrometra ciliata. OligomctrirJcs adeoim.

Cenometra lierdmani. Compsometra incommoda.
Decametra taprobanes. Hypalometra defecta.
Decametra mylitta. Promachocrinus Jcerguelcnsis.

Decametra parva. Thaumatometra tennis.

d'. Two bands of spicules, a proximal and a distal, which finally meet and unite.

Leptonemaster venustiis. Heterometra bengalensis.

Comatonia cristata. Heterometra compta.
Eudiocrinus junceus. Heterometra reynaudii.
Eudiocrinus pinnatus. Heterometra quinduplicava.
Eudiocrinus venustulus. Stephanometra echinus.

Himerometra bartschi. Oxymetra aranea.

Craspedometra acuticirra. Lamprometra protectus.
Heterometra savignii. Oligometra serripinna.
Heterometra philiberti.

62
. Tip of the tentacles protected by a calcareous cap, button, ring, or rudimentary plate.

Neometra alecto. Gephyrometra propinqwa.
Neometra acanthaster. Pectinometra carduum.
'Neometra conaminis. Pectinometra flavopwpurcn.
Neometra gorgonia. Calyptometra lateralis.

Calometra caJlista. roecilometra scalarix.

Calometra discoidea.

A detailed examination of the tentacles was made in 172 individuals.

Usually all the tentacles in a given specimen agree more or less closely in

the frequency and character of their deposits, but this is by no means always the

case; it frequently happens that deposits, commonly a few spictiles, occasionally
considerable aggregations, are found in one or two tentacles of a pinnule but are

entirely absent in the remainder, while in the Charitometridre the tentacles in

which the tip is protected by a more or less developed plate are mostly confined

to the base of the pinnules.
When adambulacral deposits are absent, deposits in the tentacles are usually

also absent, but this is not always so, for in several species in which there is no

trace of adambulacral deposits the spiculation of the tentacles is very highly

developed. Though in the Caloinetridse, Thalassometridse, and Charitometridae

the adambulacral deposits are very highly developed, for the most part spicules

are few or quite lacking in the tentacles.

In many cases the spicules in the tentacles are far more conspicuous than

the adambulacral deposits, which are often difficult to distinguish from the usually

enlarged basal spicules of the tentacles.

Of the 172 individuals 87, or approximately half, distributed in all the groups

represented, were found to be without deposits in the tentacles; 28, representing
the Comasteridae, ZygometridEe, Himerometridse, Mariametridse, and Colobo-

metridse, with a few Antedonidse, showed numerous spicules in a conspicuous band

along the outer side; 23, representing all groups excepting the Stephanometridse
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(in which there apparently are never ventral deposits o;f any kind), Calometridse,

Thalassometridse, and Charitometridsc had a few spicules in the proximal portion :

17, in the Comasteridse, Zygometridas, Himerometridse, and Mariametridse showed

two conspicuous bands, a distal and a proximal, becoming confluent in the outer

portion; 11, 9 in the Calometridse and 2 in .the Charitometridse, had the tip pro-

tected by a more or less developed plate, and usually spicules in the outer portion ;

4, all belonging to the Comasteridse, had a few scattered spicules; 1, belonging
to the Comasteridae, had numerous scattered spicules in the proximal portion;

and 1, belonging to the Thalassometridse, had scattered spicules in the distal portion,

but no terminal deposit.
SUBAMBULACIiAL PLATER.

P. H. Carpenter noticed that deep ambulacral grooves with strongly plated
sides are met with on the disk of Comatula Solaris. In this species the disk may
be nearly naked, or plated very completely. The whole of the large interambu-

lacral area in which the anal tube is situated is usually covered with more or less

scaly plates which become stouter and more granular in the neighborhood of the

subcentral anal tube. The sides of the deep ambulacral grooves are bounded by
numerous smaller plates without any definite arrangement ;

but they are strictly

limited to the disk, not extending onto the arms. Much of this plating extends

beneath the water vessels of the disk, and a similar plating is found in a similar

position in the arms, taking the form of more or less regular plates, though with

no definite arrangement, being practically only a portion of the general calcareous

plating beneath the upper surface of the disk; this corresponds to what Miiller

called the subambulacral plating in Isocrinus.

In Comatula rotalana the large anal area is often beset with numerous irregu-

lar plates many of which bear nodules of variable size. They are smaller on the

base and sides of the anal tube, and there are few or none in the small interambu-

lacral spaces between the edge of the disk and the marginal ambulacra, which are

themselves devoid of supporting plates.

VISCERAL SKELETON.

P. H. Carpenter employed the term "
visceral skeleton "

to denote the numerous

spicules and networks of calcareous matter which occur more or less plentifully in

the bands of connective tissue that traverse the visceral mass of the comatulids.

He noted that the simple spicules and thin networks of calcareous matter which

occur in the less heavily plated disks are especially abundant in the visceral layer

of the peritoneum. This is well seen in those crinoids in which there is but little

connection between this visceral layer and the parietal layer lining the interior of

the cup, so that the visceral mass is readily detached from the calyx. Unlike that

which lines the cup, the oral perisorne is usually very closely adherent to the visceral

mass and can not be separated from it without some trouble. The peritoneal

covering of the latter also contains limy deposits, so that sections through the upper

part of the disk show two layers of plates and spicules. The upper one is in the

perisome itself and belongs to the anambulacral system, while the lower belongs to

the upper surface of the visceral mass. All of the recent crinoids have more or less
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FIGS. 549-564. PINNULE TIPS OP ANTBDON BIFIDA, 564 IN DORSAL VIEW, OTHERS IN LATERAL VIEW.
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abundant plates and spicules in the connective tissue which lies beneath the

peristome and supports the lip, and also in that which unites the coils of the diges-

tive tube. In the regular endocyclic crinoids this organ makes rather more than

a single round turn upon itself, and it is the aggregation of calcareous deposits

upon its central side which forms the "
columella," once regarded as a sand canal.

INORGANIC CONSTITnENTS OF SKELETON OF ISECKNT CBIXOILS.

In 1906 Mr. H. W. Nichols published a number of analyses of the skeletons of

marine invertebrates, among them one of the skeleton of the pinnulate arms of a

crinoid, Metacrinus rotundus, from Japan, in which he found 11.72 per cent of

magnesium carbonate (MgCO 3 ) a rather unusual amount.

This incited my curiosity, and I sent to Prof. Frank W. Clarke, of the United

States Geological Survey, for analysis some pinnulate arms of the same species

(Metacrinus rotundus) collected by myself in the Eastern Sea in 1906, and in addi-

tion pinnulate arms of Heliometra maxima, which I had dredged in very cold

water in the Sea of Japan in the same year. Both specimens were air dried from

alcoholic material. The analyses were made, under the supervision of Professor

Clarke, by Dr. Chase Palmer, and gave the following results :

Metacrinus rotundus. Locality, Albatross Station 4934; lat. 30 58' 30" N..

long, 130 32' 00" E. (Sata Misaki Light bearing N. 77.5 E., 7 miles distant), in

the Eastern Sea off Kagoshima Gulf
; depth, 103-152 fathoms

;
bottom temperature,

about 56 F.

CaO=49.95 per cent (equivalent to CaCO3 89.19 per cent).

MgO= 4.89 per cent (equivalent to MgCO3 10.29 per cent).

Doctor Palmer notes that " this specimen is white and quite free from ex-

traneous material."

It is probable that this individual lived at a somewhat greater depth and in a

slightly less temperature than that studied by Nichols, which I assume was a com-

mercial specimen obtained through Mr. Alan Owston from Japanese fishermen

living at Sagami Bay.
Heliometra maxima. Locality, Albatross Station 4986; lat. 43 01' 40" N.,

long. 140 22' 40" E. (Benkei Mizaki Light bearing N. 35 E., 15 miles distant),

in Iwani Bay, northeastern part of the Sea of Japan ; depth, 172 fathoms
;
bottom

temperature, 33.9 F.

CaO=40.03 per cent (equivalent to CaCO3 71.48 per cent).

MgO= 2.68 per cent (equivalent to MgCO, 5.61 per cent).

Doctor Palmer adds that "this specimen contains much foreign material,

chiefly organic. On the basis of purity as found in the other specimen, the content

of magnesium carbonate (MgCO3 ) in this specimen may be accepted as 7 per cent."

I commented upon these analyses as follows : Heliometra maxima "
is the largest

crinoid known, measuring about 3 feet across its extended arms. It might be

supposed that the comparative openness of its skeleton was due to this very large

size, as a result of the deposition of inorganic matter not keeping pace with the

rapid increase in bodily size. It is noticeable, however, that the crinoids of the

deep seas and from the colder regions have more delicate and more open skeletons
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than those from comparatively shallow water in the tropics, and it therefore seems

most probable that cold has the effect of retarding the deposition of inorganic

matter by the animals to a far greater degree than it retards the general body

development. Probably in the deep-water forms the enormous pressure under

which the animals live also tends in various ways to make the deposition of

inorganic matter more difficult; but the fact that among the crinoids the skeletal

conditions found in the inhabitants of the deep sea are to almost or quite the same

degree repeated or continued in those of the polar regions points to the conclusion

that the chief factor involved is temperature rather than pressure."

The great discrepancy in the proportion of magnesium in the skeletons of these

two crinoids, one from relatively warm and one from very cold water, aroused

Professor Clarke's interest, and he suggested the advisability of more extended in-

vestigations. I sent him the following material:

Capillaster multiradiata. Philippine Islands, 1.3 miles from Jolo Light, Jol6

(lat. 6 04' 25" N., long. 120 58' 30" E.) ; depth, 36 meters; no temperature

record (Albatross Station 5137).

Zygometra microdiscus. Aru Islands, anchorage off Pulu Jedan (Pearl

Banks) ; depth, 13 meters; no temperature record (Kiboga Station 273).

Catoptometra opkiura. Philippine Islands, North Balabac Strait, 15.5 miles

from Balabac Light (lat. 8 06' 40"' N., long. 117 18' 45" E.) ; depth, 104 meters;

no temperature record (Albatross Station 5036).

Heterometra quinduplicava. Philippine Islands, 3.3 miles from Tinakta

Island, Tawi Tawi group, Sulu (Jolo) Archipelago (lat. 5 12' 30" N., long. 119

55' 50" E.) ; depth, 32 meters; no temperature record (Albatross Station 5157).

Tropiometra picta. Rio de Janeiro, Brazil.

Ptilometra mulleri. Sydney, New South Wales.

Parametra granulata. Philippine Islands, between Negros and Siquijor, 11.8

miles from Apo Island (lat. 9 15' 45" N., long. 123 22' 00" E.) ; depth, 502

meters; temperature, 11.95C. (Albatross Station 5536).

Perissometra patula. Philippine Islands, North Balabac Strait, 15.5 miles

from Balabac Light (lat. 8 06' 40" N., long. 117 18' 45" E.) ; depth, 104 meters;

no temperature record (Albatross Station 5036).

Chondrometra rugosa. Lesser Sunda Islands, near Rotti (lat. 10 39' S.,

long. 123 40' E.) ; depth, 520 meters; no temperature record (Siboga Station 297).

Crinometra concinna. Northern coast of Cuba (lat. 23 10' 35" N., long. 82

20' 24" W.) ; depth, 59 meters; temperature, 26.17 C. (Albatross Station 2324).

Promachocrinus kerguelensis. Shores of the Antarctic Continent, in the

vicinity of Gaussberg (approximately lat. 67 S., long. 90 E.) ; depth, 350-400

meters; temperature, 1.85 C.; salinity, 3.3 percent (Gauss).

Florometra asperrima. Coast of Washington (lat. 47 29' 30" N., long. 125

43' 00" W.) ; depth, 1,145 meters; temperature, 3.28 C. (Albatross Station 3070).

Anthometra adriani. Shores of the Antarctic Continent, in the vicinity of

Gaussberg (approximately lat. 67 S., long. 90 E.) ; depth, 350-400 meters; tem-

perature, 1.85 C.; salinity, 3.3 per cent (Gauss).
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Hathrometra tenella. Off Marthas Vineyard, Massachusetts (lat. 39 56' N.,

long. 69 24' W.) ; depth, 329 meters; temperature, about 7.8 C. (Fish Hawk
Station 1033).

Psathyrometra fragilis. Yezo Strait, Japan (lat. 44 05' N., long. 145 30'

E); depth, 540-959 meters; temperature, 1.61 C. (Albatross Station 5032).

Pentametrocrinus japonicus. Southern Japan, 34.5 miles off Omai Saki Light

(lat. 34 04' 20" N., long. 137 57' 30" E.) ; depth, 1,123 meters; temperature,

3.39 C. (Albatross Station 5083).

Hypalocrinus naresianus. Philippine Islands, 3.4 miles off Cagayan Island,

Jolo Sea (lat. 9 37' 05" N., long. 121 12' 37" E.) ; depth, 612 meters; temper-

ature, 10.22 C. (Albatross Station 5424).

Endoxocrinus parrce. Off Habana, Cuba.

Isocrinus decorus. Off Habana, Cuba.

Bythocrinus robustus. Gulf of Mexico, southeast of Pensacola (lat. 28 38'

30" N., long. 85 52' 30" W.) ; depth, 255 meters; no temperature record.

Ptilocrinus pinnatus. Off the Queen Charlotte Islands, British Columbia

(lat. 52 39' 30" N., long. 132 38' 00" W.) ; depth, 2,858 meters; temperature,
1.83 C. (Albatross Station 3342).

In the following table the actual analyses are given.

The symbol
" R2O3

"
represents the sum of ferric oxide and alumina.

The "
loss on ignition

" covers carbon dioxide, water, and organic matter, the

last being often very high.

Table of actual analyses.
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Professor Clarke says that "
in order to make these analyses more instructive

it is necessary to recalculate them into such form as to show the composition of

the true crinoid skeleton that is, to eliminate the highly variable organic matter

of the original specimens. On doing this, and recalculating to 100 per cent, we

find that they assume the following form "
:

Table of revised analyses.
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It is interesting to note that the compactness of the crinoid skeleton increases

in direct proportion to the percentage of magnesia in its composition.
Professor Clarke remarks that the proportion of magnesia given for Hathro-

metra tenella is probably too low, for the specimen as analyzed contained over 6

per cent of silica and sesquioxides evident impurities due to adherent mud from

which the delicate structure could not be wholly freed. If these are rejected, the

magnesium carbonate (MgCO3 ) is raised from 9.36 to 10 per cent, which gives the

crinoid a better and more probable rating.

This line of investigation was subsequently extended by Professor Clarke to in-

clude all the echinoderm groups, and of the echinoderms as a whole he says:

From the evidence now available It seems almost certain that the inorganic constituents of

any echinoderm will have the composition of a moderately niagnesian limestone. There may be

exceptions, but none has as yet been found. The three tables, for crlnolds, sea urchins, and
starfishes [including ophiurans], all tell the same story, and with remarkable unanimity.

Furthermore, the proportion of magnesium carbonate appears to be a function of temperature, the

organisms from warm regions being richer in it than the cold-water forms. The exceptions
to this rule are apparent rather than real ; for cold or warm currents and varying depths of

water account for all seeming irregularities. The sea urchins seem to be a little poorer In

magnesia than either of the other groups, but the analyses are fewer and therefore less con-

clusive. Silica and sesquioxides are probably altogether extraneous, although It Is possible

that small quantities of them may really belong to the organisms. In phosphate of lime the

starfishes are richest, and all the specimens analyzed contain it In small amounts. Whether
it is an essential constituent or not is uncertain. As shown by Meigen's reaction, all the

echinoderms studied are calcltlc, and no evidence of aragonlte In them was found.

The temperature regularity shown by the analyses offers an interesting biological problem
with which we can not undertake to cope. It is not due to differences of composition In the

solid matter of sea water, for that Is practically uniform all the world over. In all the great

oceans, and even in minor bodies of water like the Mediterranean, the Baltic, and the Black

Sea, the proportion of magnesia to lime is very nearly if not actually constant. In gaseous con-

tents, and especially in carbon dioxide, the waters vary, the gases being more soluble In cold

than in warm water. Whether this fact has any relation to the phenomenon under discussion

we can not attempt to say. We can only report the facts and leave their biological discussion

to others.

On the geological bearing of the evidence now before us it is easy to speculate ; but here

great caution is needed. It would be unwise to assume that magnesian sediments are more

abundantly deposited In warm than in cold climates, and so to develop a system of what might
be called palseocllmatology. Against such an attempt there are two obvious reasons. First,

the sediments are only in small part derived from echinoderm remains. Other agencies are

more important In the formation of marine limestones. Secondly, a dense population, so to

speak, of cold-water organisms may deposit much more magnesia than a sparse population of

warm-water forms. The data now in hand, with all their suggestiveness, are too few to warrant

any far-reaching generalizations. It is our intention to carry the investigation still further

studying other marine invertebrates by the same methods as those which we have followed here.

More recently Professor Clarke, in connection with Dr. E. M. Kamm, has pub-
lished an analysis of a specimen of Tropiometra picta collected at Pigeon Point,

Tobago, in shallow water, of which the temperature was about 28 C. The analysis
follows :

S1O, (Al,Fe),O. MgCO. CaOO, Ca,P,O. CaSO.
0.54 0.51 13.74 83.13 0.64 1.44=100.00
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P. H. Carpenter employed two different methods in distinguishing the radial

and interradial parts of a crinoid. The ray opposite the anal area he frequently

designated as the anterior, while the other four he called right anterior, right

posterior, left posterior, and left anterior, respectively; but he also used a system
of lettering in which, viewing the animal from the ventral side, the anterior ray
was called ray A, the right anterior ray B, the right posterior ray C, the left

posterior ray D, and the left anterior ray E. According to this terminology the

anal area would be known as interradius C-D, while the two derivatives from each

radial in 10-armed types might be differentiated, as he suggests, as Aj and A,,

Bj and B2 , etc. This system of marking the topography of the disk has a number of

advantages over that preceding, and will be employed in the succeeding pages.
As was first noticed by P. H. Carpenter, the ventral perisome varies consider-

ably in thickness in the different groups. Generally speaking, that of the macro-

phreate forms is thin and delicate, and the ambulacra! grooves are but slightly

raised above it. In the oligophreate types the perisome of the disk is much thicker

and more opaque, and the ambulacral grooves are more or less elevated above the

general surface.

In the endocyclic comatulids the mouth is usually situated very near (just

anterior to) the center of the disk (figs. 710-728, p. 346), especially in species in

which the disk is deeply incised (figs. 713-727, p. 346) ;
but frequently it occupies

a more anterior position, having moved outward along radius A. This is most

noticeable in large species, or in large specimens of smaller species, which have no

incisions in the interbrachial margin of the disk, and is particularly noticeable in

the large species of Heliometrinse, and in Tropiometra (fig. 731, p. 346). It is

rare, however, for the mouth to be further removed from the center of the disk

than half the distance between the center and the base of ray A, and uncommon for

it to be even so much displaced. In the two most primitive endocyclic families, the

Pentametrocrinidsa (figs. 758, 759, p. 353, and 1158, pi. 25) and the Atelecrinidse

(figs. 1163, 1164, pi. 26), the mouth is almost exactly in the center, but it appears
never to occupy quite this position in any of the other groups.

From the mouth there radiate outward across the disk five equal ambulacral

grooves, which branch dichotomously just before the arm bases are reached (part 1,

figs. 15, 16, 18, 19, p. 67), and farther out branch again with each division of the

post-radial series (part 1, fig. 17, p. 67). Ordinarily the branching of the ambu-
lacral grooves upon the disk takes place near the margin, and all the primary
ambulacral groove trunks are of equal length ;

this is especially true in the Macro-

phreata (figs. 747-757, p. 349), but in certain genera belonging to the Oligophreata,
more especially in Tropiometra (figs. 729-733, p. 346) and in Ptilometra (figs. 739-

741, p. 349), the division of the primary groove trunks is irregular both in different

individuals and on the different rays of the same individual, sometimes occurring
at the peristome, so that, instead of the single primary trunks, two secondary trunks

are given off side by side.
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The primary groove trunks of Kudiocr'mus (fig. 712, p. 346), Pentametocrinus

(figs. 758, p. 353, and 1158, pi. 25), and Thaumatocrinus (fig. 759, p. 353) continue

out upon the arms undivided. On the disk those of the first two are equidistant,

but those of the last, though entirely separated from each other, are arranged in

five pairs, indicating the five primary radial divisions, which have become sub-

divided to form the 10 rays.

The five interpalmer or interambulaoral areas delimited by the ambulacral

grooves in their passage across the disk are usually nearly of the same size, though
that in which the anal tube is situated is commonly slightly larger than the others,

and the ambulacral grooves bounding it are slightly bowed outward. In large

species, however, in which the mouth is more or less excentric, as in the large

species of Heliometrinse and in Tropiometra, the anal area is sometimes consider-

ably larger than any of the others and is bounded by noticeably convex ambu-
lacral grooves.

From the disk the ambulacral grooves extend outward along the ventral sur-

face of the arms, and from these brachial extensions lateral branches are given off,

which reach nearly to the tip of each of the pinnules, with the exception of those

borne by the division series (when present) and the lowest brachials. The floor

of the grooves is composed of ciliated epithelium with a subepithelial nerve band,
beneath which lie the radial blood and water vessels.

The sides of the grooves are not straight, but are scalloped, showing con-

tinuous series of minute valvules or lappets, the crescentic or respiratory leaves of

Sir Wyville Thomson. At the base of each lappet, and to some extent protected

by it, is a group of three tentacles, one of which, the most distal, is larger than

the other two. This trifid group of tentacles and the cavity of the respiratory
leaf adjacent to them receive a common branch from the radial water vessel. These

groups of tentacles alternate on the opposite sides of the ambulacral grooves from
the base to the tip of each of the arms and pinnules, and are distributed in the same
manner along the sides of the ambulacra of the disk, though here they are not so

well developed, especially near the peristome, where every lateral branch of the

water vessel supplies only one tentacle. The lappets at the sides of the groove are

also far less distinct than on the arms, the edges of the folds of perisome bounding
the grooves being only faintly marked by an indistinct wavy line.

P. H. Carpenter noticed that the conditions described above in many of the

Comasteridse apply only to the arms of the two anterior radii, A and B, and to

more or fewer of the antero-lateral arms, C, and E 2 . The arms of the posterior

radius, D, and of the posterior divisions of the lateral radii, C 2 and E J5 are often

entirely devoid of tentacles, and in many of them the ventral perisome not only
exhibits no ambulacral groove (fig. 1037, pi. 12), but is, on the contrary, convex, as

in the oral pinnules of Antedon.

In Comanthus parvicirra, as in all comasterids with an interradial mouth

(figs. 685, 689, 691, p. 341 and 1149-1153, pi. 24), the anal area is bounded by two

large aboral groove trunks which start from the posterior angles of the peristome
and form a horseshoe-shaped curve the limbs of which are unequal in size. The
smaller right limb is formed by the right lateral ambulacrum, C, while the larger
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left limb represents the posterior ambulacrum, D, combined with part or the whole

of the left lateral ambulacrum, E. In neither of these limbs are the tentacular

groups and crescentic leaves so well developed as they are in the two anterior

ambulacra. After the branches to the two antero-lateral primary arms, C t
and E2

have been given off, or sometimes even sooner, the tentacles at the sides of the two
aboral groove trunks become more and more insignificant and finally disappear

altogether, while the position of the crescentic leaves is only indicated by a very
faint wavy line at the edge of each groove. In small specimens with but few arms

the grooves of the posterior and postero-lateral arms, D, C2 ,
and E

t may remain

in this condition
;
but in larger specimens with many arms all traces of the lappets

disappear, and the two edges of the groove meet and unite so as to produce a

condition in which the ventral surface of the arms and pinnules is convex and does

not show the least trace of a groove of any description. The position of the point
at which the two folds of perisome bounding the sides of the original ambulacral

groove meet and unite varies extremely. The fusion may, though rarely, take

place on the disk (figs. 692, 693, 699, 700, p. 341, and 1150, 1151, 1153, pi. 24) ;

sometimes it is at the base of the arms, and sometimes not till near their middle

or terminal portions. In any case, however, the fusion whenever it occurs is so

complete that all trace of the original ambulacral groove is entirely obliterated.

The position of the mouth in the Comasteridse is subject to great variation.

Exceptionally it is central or nearly so; this is invariably the case in Comatilia

(fig. 687, p. 341), Comatonia, and Micr-ocomatula, and occurs frequently in Leptone-
master (fig. 877, p. 435), Comaster (especially in the smaller species) (figs. 697,

698, p. 341), and Comissia, and not uncommonly in C'apillaster multiradiata (fig.

1147, pi. 23; compare with fig. 1148). Usually, however, it is marginal or sub-

marginal, this position being especially emphasized in the Comactiniince (figs.

688-693, p. 341, and 1149, pi. 24) and in Comanthus (figs. 700, 701, p. 341, 1152,

pi. 24, and 1154, pi. 25).

When the mouth is marginal or submarginal it varies from a strictly radial

position immediately opposite the center of ray A (figs. 690. 692, p. 341) to an

interradial position in the middle of the interradius A B (figs. 689, 691, 699,

701, p. 341) ; generally speaking, the mouth in 10-armed species is radial in position,

while in multibrachiate forms it is more commonly interradial, though in each

species specimens may occasionally be found in which it is quite radial (figs. 691,

692, p. 341).
The explanation of the interradial position of the mouth may be the following:

The ambulacral grooves of necessity divide many times in the multibrachiate types

upon the disk as the latter reaches above the last arm division. Economy calls

for a maximum concentration of the food particles at the lips, and the fewer the

grooves reaching the mouth the greater the concentration will be. It is essential,

therefore, that the mouth shall be the focus of the minimum number of food grooves
each of which will carry food in the condition of maximum concentration, and
each of which will carry approximately the same amount of food. The many
coils of the digestive tube force the anterior portion of the organ, and with it

the mouth, to a marginal position so close to the edge of the disk that, were it to
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remain in the radial line, the ambulacra from the numerous subdivisions of the

anterior ray could not possibly join before reaching it. The shifting of the mouth
to the right appears to be an effort to minimize the number of groove trunks

reaching it and to equalize the amount of food delivered by each.

The shifting of the mouth into the interradius A B and never into the inter-

radius A E is probably connected with the coiling of the digestive tube.

In the early stages and until a considerable time after the resorption of the

orals the mouth is central. It first migrates anteriorly along the line of radius

A to a position near the base of the anterior arm and later moves to the right.

In the adults it may occupy a position anywhere along this course between the

center of the disk and the middle of the border of interradius A B.

P. H. Carpenter notes that in the Comasteridae the mouth occupies the center

of the peristome (fig. 687, p. 341) and is bounded by two lips a large anterior and

a smaller posterior (fig. 1154, pi. 25) so that its opening is very inconspicuous
and usually so much extended in a direction transverse to the antero-posterior
diameter of the disk that it presents the appearance of a simple slit. The circum-

oral portion of the peristome, the peristome proper, is a more or less oval depres-
sion in the ventral perisome of the disk which completely surrounds the oral open-

ing and gives off the ambulacra! grooves. Beneath this depression lies the water

vascular ring, which gives off a trunk under each of the grooves radiating from

it. The number and distribution of these are very variable and primarily depend

upon the way in which the grooves divide so as to give rise to the trunks corre-

sponding to the 10 primary arms. As a general rule, the two ambulacra corre-

sponding to the radii D and E unite into one large posterior trunk from which

the branches are distributed to the various arms into which these radii divide. In

other cases the left lateral ambulacrum, E, leaves the peristome alone, while in

others it is partially united with the posterior ambulacrum, D, its anterior division,

E
2 , leaving the peristome by a separate trunk, while its posterior division, E,,

unites with the posterior ambulacrum. As a general rule, the right lateral ambu-

lacrum, C, leaves the peristome alone and supplies the arms of the corresponding

radius, but occasionally it is seen to unite with the posterior division, B 2 ,
of the

right anterior ambulacrum, B. The mode of division of the two anterior ambu-

lacra (A and B) is excessively variable; as a general rule, there are no principal
trunks corresponding to the two radii A and B, and the primary divisions A1? A2 ,

B,, and B 2 originate directly at the peristome (fig. 690, p. 341). In the specimens
with but few arms, however, each pair may be united for a longer or shorter

distance, as in Antedon. Not infrequently the posterior divisions Aj and B
2 of

these two anterior ambulacra unite for a longer or shorter distance with the two

large aboral groove trunks to form an open horseshoe-shaped curve bounding the

anal area. The position of the anal tube in this area, and also in regard to the

whole surface of the disk, varies somewhat with the position of the mouth; it is

rarely, if ever, absolutely central. Its appearance differs very much according as

it is full or empty ;
sometimes its aperture is so completely closed as to be scarcely

discernible though the tube below is widely distended, and sometimes the aperture
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is patent, with its edges everted and crenulate, and the tube leading to it quite

shrunk and flaccid.

In the species of Comasteridae in which the mouth is interradial the main

ambulacral trunk which passes to the left from it is considerably longer than

that which passes to the right (fig. 685, p. 341), as a natural result of the displace-

ment of the mouth. A line passing through the mouth and the anal tube passes

also through the center of the left posterior ray (part 1, fig. 26, p. 69), though
this ray is supplied entirely from the left ambulacral trunk. If this line be taken

as representing the antero-posterior axis the left groove trunk is seen to pass to

all the arms of the left side, and thence onward to all the arms of the posterior

ray, half of which lie on the right side, while the right groove trunk passes only
a part of the way down the right side. The former thus supplies three rays

and the latter two. But almost invariably when this occurs the ambulacra of

the posterior arm are suppressed (part 1, fig. 27, p. 69), so that in reality each

of the primary trunks supplies two rays. When the mouth is radial it is in line

with the anal tube and the center of the posterior interradius (part 1, fig. 25,

p. 69), and in this case each of the groove trunks supplies two rays, the anterior

ray being furnished with grooves which lead directly to it from the mouth as

in Antedon.

Among the species of Comasteridse in which the mouth is radial and the two

lateral groove trunks therefore of equal size, as in Comatula rotalaria (fig. 688,

p. 341), the metamorphosis of the two posterior rays, by which the ambulacra,

epithelial nerves, and associated structures are lost, takes place at an equal rate;

but when the mouth is interradial, as is usually the case in multibrachiate species,

the left posterior ray, which is farthest from the mouth, is always affected first

and to the greatest extent (figs. 700, 699, p. 341). Very many cases are met with

in which this is the only ray to be affected, so that a peculiarly complicated sym-

metry has resulted, in which the right anterior interradius (including the mouth)
is anterior, and the reduced and modified left posterior ray is posterior, the plane
of the bilateral symmetry superposed upon the fundamental pentamerous sym-

metry thus having been shifted 36 from the normal in which radius A is anterior

and the opposite interradius posterior (part 1, figs. 25-28, p. 69). With the atrophy
and metamorphosis of the left posterior ray and the disappearance of its ambu-

lacral structures this becomes an isolated ray with similar interradial areas on

either side, each of which is bounded on the further side by a ray supplied with

ambulacral grooves derived from a trunk coming from the mouth which is of

the same length as the trunk on the opposite side of the disk. Since the anal tube

in either case is approximately central, so far as the structures of the disk and

rays are concerned, this symmetry, when developed, is just as perfect a bilateral

symmetry as the normal in which ray A lies in the antero-posterior axis.

The relation of the ambulacral grooves to the brachials varies greatly in the

different genera and species. Carpenter noted that the middle line of the upper
surface of each segment of the brachial skeleton is occupied by a groove of variable

width and depth which is bordered on each side by the more or less prominent
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muscle plates of the successive brachials, and the vascular structures which are

partly contained in it are continued from one brachial to another between the

two large muscle bundles which unite them. In the Oligophreata and in very

large species of the Macrophreata this arm groove merely lodges the lowest part
of the co3liac canal, while the genital cord, with the water vascular and blood

vascular tubes and the ambulacral epithelium are all situated above the arm

groove and separated from it by a variable amount of intervening perisome, so

that little more than half the vertical height of the arm is due to its dorsal

skeleton. In the majority of the Macrophreata. however, a great part, sometimes

even the whole, of the soft parts of the arm are lodged within the groove on the

upper surface of the skeleton, and there is no substantial ventral perisome in the

ordinary sense of the word, or it is reduced to a mere film, sometimes thinly

plated, which covers up the muscular bundles.

The outline of the disk may be approximately circular or pentagonal (figs. 712,

p. 346, and 747-752, p. 349), in which case the disk is said to be entire, or there may
be more or less deep reentrants in the interradial areas (figs. 713-724, p. 346), when

the disk is said to be incised.

In one family, the Pentametrocrinidse, the disk is very strongly stellate (figs.

758, 759, p. 353, and 1158, pi. 25), due to the extraordinary extension over the

proximal portion of the arms.

Incision of the disk reaches its extreme in the families Himerometridse (figs.

713-718, p. 346), Stephanometridse (fig. 726, p. 346), and Mariametridse (figs. 719-

725, p. 346, and part 1, fig. 17, p. 67), in the genera Zygometra (figs. 710, 711, p.

346, and 1155-1157, pi. 25) and C'

atoptometra of the Zygotnetridse, and in the genera
Cenometra (part 1, fig. 16, p. 67), Cyllometra and Epimetra of the Colobometridse,

and is marked in the Thalassometrinje (figs. 743, 745, p. 349) and in the Chari-

tometridse (figs. 746, p. 349, and 1159-1161, pi. 26).

The disk is most nearly circular in outline in the Calometridue (figs. 734-737.

p. 349, and part 1, fig. 19, p. 67), in many of the Antedonime (figs. 750, 756, p. 349),

and in the genus Eudiocrinus (fig. 712, p. 346) of the Zygometridse, in which it is

almost globular in form, and it is very strongly rounded in the other subfamilies

of the Antedonidae (figs. 747-757, p. 349), in the Tropiometridse (figs. 729-733,

p. 346, and part 1, fig. 15, p. 67), and in the Ptilometrinse (figs. 738-742, p. 349).

The interradial borders are slightly incised in the Comasteridse (figs. 685-709,

p. 341; 1144, 1147, 1148, pi. 23; 1149-1153, pi. 24; and 1154, pi. 25), the Colobo-

metridro (figs. 727, 728, p. 346), excepting the genera Cenometra, Cyllometra, and

Epimetra, and the Atelecrinidae (figs. 1163, 1164, pi. 26).

Thus while between the shape of the disk and the systematic position of the

comatulids there is but slight correlation, between it and the number of arms

there is a much more definite connection, for, broadly speaking, the larger the

number of arms the deeper are the reentrants between the five arm groups; but

it should be emphasized that even here the correspondence is only approximate,
and we find a notable exception in the Comasteridse.

The ventral surface of the disk may be (1) quite naked (though calcareous

deposits are always present in the cutis) (figs. 748, 749, 751, 752, 754-757, p. 349),
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(2) studded with a few large rounded isolated concretions, mostly in the anal area

(figs. 741, 743, 747, 750, 753, p. 349), (3) thickly beset with very numerous subequal

rounded plates of moderate size which are usually more or less in contact (figs.

738, 744, 746, p. 349), or (4) almost completely, or quite, incased in a pavement
of larger and thinner polygonal plates (figs. 734-737, p. 349).

The disk is quite naked in most of the Comasteridse, in the Himerometridse

and Stephanometridse, in most of the Mariametridse, most of the Colobometridse,

most of the Antedonidse, and most of the Pentametrocrinidse, and in the Tropio-

metridse and Atelecrinidse.

The disk is studded with a few large rounded isolated concretions, for the

most part in the anal area, in many of the Comasteridse (particularly in the

Comactiniinse) ,
and in a few of the larger species of Antedoninse (chiefly in the

genera Antedon and Mastigometrd).
The disk is thickly beset with very numerous subequal rounded plates of

moderate size, which are usually more or less in contact, in the Thalassometridse and

Charitometridse, and in Pentametrocrinus semperi and P. atlanticus of the Penta-

metrocrinidse.

The disk is entirely inclosed in a solid vault of large polygonal plates, which

separates very easily from the underlying structures, in Eudiocrinus of the Zygo-

metridse, Colobometra diadema of the Colobometridse, and in the Calometridse
;
the

same type of plating, though less perfect and with the plates not always in contact,

occurs in Zygometra and Catoptometra of the Zygometridse, and in Mariametra

of the Mariametridse.

In the following families the disk is always of the same type : Himerometridse,

Stephanometridse, Tropiometridse, Atelecrinidse, Thalassometridse, Charitometridse,

and Calometridse
;
while the following include species having the disk of two types :

Comasteridse, Zygometridse, Mariametridse, Colobometridse, Antedonidse, and Pen-

tametrocrinidae.

The occurrence of different types of disks in related forms is emphasized by

species in the following genera : Colobometra, Antedon, Mastigometra, and Penta-

metrocrinus; and different types of disks are even found in different individuals of

species in the genera Comatula, Antedon, and Mastigometra.
The plating of the disks of the species of Calometridse is quite characteristic,

and detached disks of these species (fig. 736, p. 349) can at once be assigned to the

family; but this is the only family in which this is the case. The disks of the

species of Thalassometridse and Charitometridse present features not otherwise

known in the comatulids, but those of the different species in the two families show

only average differences. Disks of the species of Eudiocrinus are readily recog-

nizable, more because of the very narrow torn areas than on account of the character

of the plating.

In the remaining comatulid families and genera overlapping and intergradation

of the disk characters occur to such an extent that no general statements can be

made, though in many types certain features other than the plating, or combinations

of characters, are diagnostic. For instance, the disks of the species of Promacho-
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crinus are easily identified because of the 10 rays; those of the species of Thau-

matocrinus because of the deeply stellate shape and 10 undivided ambulacral

grooves; those of the species of Pentametrocrinus because of the deeply stellate

shape and the five undivided ambulacral grooves; those of the species of Com-
asteridfe because of the absence of sacculi

;
those of the species of Himerometridse

because of the incised borders and numerous irregularly-branched ambulacral

grooves; those of the Zygometridse (other than the species of Eudiocrinus) because

of the character of the plating, combined with the many-branched ambulacral

grooves; and those of the species of Tropiometridse because of the irregular division

of the five primary ambulacral grooves.
There is a limited amount of correlation between the extent of plating on the

disk and the development of side and covering plates along the brachial and pinnule
ambulacra. Thus in the Calometridse both the plating of the disk and of the

ambulacra reach the highest degree of perfection, and the next most perfect stage
of each is found in the Thlassometridae and Charitometridae. On the other hand,

covering plates are highly developed in the genera Nemaster and Comatilia in the

Oapillasterinse (Comasteridse), and both side and covering plates in certain species
in the Heliometrinse (Antedonidse), in all of which the disks are naked; and the

disk is more or less heavily plated in the Zygometridae, Colobometrgt diadema, and
Pentametrocrinus semperi and P. atlanticits, in which no side or covering plates can

be detected without minute examination.

In the very young postpentacrinoid stages of Thmtmtttocrinus rcnovatus (part

1, fig. 117, p. 183) and of Comactinia meridionalis the disk between the margin and

the outer borders of the orals is completely covered by a pavement of small plates,

which later disappear. These do not appear to have any connection with the plates

just described, but seem to be the last vestige of a complete plating of the disk

which occurred in the ancestral types. It is curious that such a plating has not been

observed in the developing Antedon, but the stage at which it occurs has not as yet
received much attention.

In certain of the larger species in the Comasteridse, most conspicuously de-

veloped in Comaster multifida, C. belli, C. nov(?guinea>, and Comanthina schlegcUi,
in Erythrometra, in Mastigometra, invariably in Antedon diibenii and A. moroc-

cana, and frequently in A. bifida, interradials occur. In the comasterids these are

usually in the form of two, sometimes with a more or less developed third, columns

of large polygonal plates resting upon a single plate in the interradial angle.

They may be supplemented by similar plates between the branches of the division

series. In Comanthina schlegelii they are almost invariably present, and large and

solid; in the other species they are sometimes extraordinarily developed, each

individual plate having a convex outer surface, and very frequently quite absent.

In the developing Comactinia it has been noticed that the early complete plating
of the integument of the disk persists longest in the lateral interradial areas, and
it is quite possible that these interradials as seen in the large comasterids arise from
the retention and enlargement of these larval structures. In Erythrometra (figs.

666, 667, p. 329) the interradials take the. form of several columns of small isolated
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plates in the lateral interradial perisome. In Mastigometra and Antedon (figs.

1018, pi. 7, and 1145, 1146, pi. 23) they occur as a small rounded group of from half

a dozen to a dozen plates in the interradial angles between the IBr,.

ORGANIC BASE OP THE SKELETON.

In general, the organic base of the skeleton forms a network of more or less

narrow meshes, between which the calcareous portions of the skeleton lie. Some-
times the spaces in this network are quite uniform, as in the calyx of Isocrinus

decorus, but often wider and narrower, elliptical, and circular meshes are found

indiscriminately in close proximity, as in the arms of Antedon. They are always

sharply outlined.

The network is composed of the processes of star-shaped cells with at least

two branches which lie most commonly at the nodes, though present in other places.

In the organic base of the skeleton two types of cells can be differentiated.

The cells of the first type are spherical or somewhat elongate with dark nuclei

surrounded by a small quantity of plasma. These cells give off processes in the

shape of fine fibrillse which branch extensively, often forming an irregular entangle-
ment with the fibrillfe of the neighboring cells.

The cells of the second type probably have to do with the deposition of the

calcareous material. In the resting stage in the older skeletal structures they are

of very characteristic form, ovoid or almost spherical, with a usually elliptical

nucleus which lies close to the cell border, mostly at the more pointed pole. They
occur everywhere where calcified connective tissue is present, or is in process of

formation.

In the regenerating arm where skeletal elements occur there are found

spherical mesenchyme cells which divide actively and possess a large nucleus with

a prominent nucleolus. As these cells increase in size the nucleus becomes some-

what smaller and stains so deeply that no details are visible in it. At the same
time there appear in the cell plasma granules of the same color as the nucleus

which, apparently consisting of chromatin, collect in larger or smaller masses.

Immediately a small vesicle may form, which increases in size and occupies a

large portion of the cell, though usually there appear in these cells a great number
of vesicles of different sizes, but always spherical. In older developmental stages

the nucleus is only rarely to be found and is of more or less indefinite form.

Like the preceding, these cells appear to be concerned with the construction

of the calcareous elements. It is noticeable that the larger vesicles within them
show much similarity to the vesicles in the chambered organ.

The calcareous substance in the ossicles of the arms and pinnules often projects
in the form of needle-like points through the epidermis. In Heliometra glaeialis

these extruding points may be as long as 0.02 mm.

CONNECTIVE TISSUE.

In the crinoids most of the connective tissue is found within and about the

skeletal elements. This connective tissue has already been described.
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In the wall of the end gut the connection of the fibrillse with the cells is

easily seen. In the gelatinous ground substance, which appears more or less finely

granular, lie spindle and star shaped cells, the processes from which radiate in

all directions through it, uniting with the processes of other cells at various places.

When the fibrillse run parallel to each other the tissue acquires, if they are suffi-

ciently numerous, a cartilaginous consistency, as is more or less evident in the

inner layers of the cutis. Amoeboid cells of all shapes are present and are often

more or less grouped.
In the arms of IJeliometra glacialis there are found cells 0.01 mm. in diameter

which show one or several processes, or may be more or less spherical. A spherical

nucleus 0.002 mm. in diameter lies in the granular cytoplasm.

In Antedon the cell substance does not stain, but a reticulation can be made

out in the meshes of which lies the deeply stained nucleus. About the dorsal

portion of the mesodermal nervous system these cells are abundant.

In Neocomatella pulchella on the dorsal and lateral surfaces of the arms and also

beneath the epithelium of the anal tube prominent cell clusters appear in the form

of more or less egg-shaped structures. These cell groups, each consisting of five

or more cells, occur immediately beneath the external epithelium. The individual

cells are bladder like, consisting of a thin membrane in which the cell substance is

inclosed. The cells are filled with a watery transparent fluid which is not stainable.

A spherical nucleus lies more or less centrally, surrounded by a small amount of

plasma, which, in the form of pseudopodia-like threads, stretches to the wall,

holding the nucleus in place. The walls of occasional cells are often strongly

pleated.

Such cell groups are a prominent feature of the walls of the pinnules in all

the species of Comasteridse which have been studied, but they have never been

found in any endocyclic form.

It has been supposed that their function is to antagonize the ventral muscles.

Pigment cells, containing free pigment granules, are abundant elements in

the mesoderm of the cutis and occur also widely distributed throughout the body.

VISCERAL MASS.

In Antedon the body wall of the visceral mass is everywhere uniform except

at the ambulacral furrows, beneath which the water vessels and other organs lie.

In mature animals the thickness of this wall is at the most 0.1 mm.
It is composed of four layers: (1) The general body epithelium, composed of a

single layer of cells; (2) the cutis; (3) the connective tissue layer; and (4) the

epithelial lining of the body cavity.

The external epithelium has secreted no cuticle, and is scarcely to be differen-

tiated from the connective tissue layer. The small size of the component cells often

renders them difficult to demonstrate. There are no cell borders, but the presence

of nuclei lying closely together in an irregular layer indicates the presence of

an epithelium.
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In Neocomatella pulchella the form of this epithelium is more easily seen. The

cells, the borders of which can rarely be determined, are approximately cubical, and

their position is indicated by their dark-colored nuclei.

In Antedon mediterranea, Tropiometra carinata, and Neocomatella pulchella

apparently in all comatulids the connective tissue layer is divisible into two strata,

of which the more superficial is composed of a loose union of fibers running in

every direction, while the deeper, bordering the ccelomic epithelium, shows a

cartilaginous consistency. In this connective tissue layer are nerve branches, which

run parallel with the surface, from which nervules proceed to the epithelium. It

is traversed by the water pores, which lead into the body cavity.

The ambulacral grooves lead from the pinnules to the arms, down the center

of the ventral surface of each arm, and across the disk, converging at the mouth,
about which they unite to form a ring-like area. They are bordered on either side

by lappets and tentacles.

The epithelium lining these grooves is greatly thickened. The constituent

supporting and sense cells, as well as the nerve fibrillar layer, have already been

described.

Below this epithelium there is found in many species a schizoccele cavity, and

always a water vessel which leads out from a ring canal about the mouth.

As the body cavity between the wall of the intestinal canal and the body wall is

traversed in all directions by connective tissue strands, it is often scarcely recog-

nizable as such, and in some places the distinction between the body wall and the

connective tissue strands can hardly be made out. But all the subdivisions into

which the body cavity is broken up are lined with enteroccele epithelium.

BODY CAVITY.

In the recent crinoids the development of mesenteries, bands, and septa travers-

ing the body cavity and serving to hold the internal organs in place has been carried

to such an extreme that the body cavity as a whole has vanished, and there is only
to be found a system of intercommunicating canals, which collectively are the

remnant of the original body cavity.

In Isocrinus decants the body cavity within the calyx has entirely disappeared.

In Neocomatella pulchella, as in all the large species of the Comasteridse, the

number of these bands and septa is very great, so that the body cavity is enormously
subdivided. These bands, of all sizes, form a maze of fibrous branches on all sides,

and are attached some to the intestinal wall, others to the body wall.

Pigment and calcareous concretions occur in the bands, and in the species of

the genus Antedon, though rarely, sacculi.

These bands are covered (that is to say, the remnants of the body cavity are

lined) with a very fine epithelium of flattened cells the oval nuclei of which stand

out prominently in the flattened cell body. Within the bands themselves are found

wandering cells lying in the gelatinous ground substance between spindle and star-

shaped cells.

A cross section of an arm shows a continuation of the body cavity as at first

three canals, a dorsal and two ventral or subtentacular canals, which are separated
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from each other by a septum within which runs the canal containing the

genital rachis.

At the base of the arm somewhat different conditions are found. A section

through the first brachial shows the ventral canal without a median septum, while

the septum between it and the dorsal canal is much thickened and is traversed by a

large number of intercommunicating cavities, of which one contains the genital

cord. Passing outward along the arm these last mentioned cavities decrease

gradually in number until finally only the genital canal is left.

The dorsal canal in Antedon mediterranea is much broadened in places, while in

the vicinity of the interbrachial musculature it expands dorsally so as to frequently

come, furrow-like, within a short distance of the dorsal nerve cord. Similar swell-

ings are also found in Heliometra glacialis, but in this species are more complicated
in structure, the cells of the dorsal furrows being thickened and bearing long cilia.

Septa often appear, which cut off this ciliated furrow from the remaining portion

of the brachial extension of the body cavity, and as often vanish, so that all the

cavities in the arms (with the exception of the water vessels and the small subneural

schizocsele canal) are intercommunicating.
In Heliometra glacialis the epithelium lining all these cavities presents a very

varying aspect. It reaches its greatest development in the ciliated grooves. In

the section lying dorsally its cells are smaller and more flattened, while in the inter-

communicating canals, between the dorsal and ventral canals, it is composed of

flattened cells without cilia.

It is from the sections of the dorsal canal furnished with ciliated grooves that

the dorsal canals of the pinnules, which bear the ciliated sacks, arise.

ALIMENTARY CANAL.

P. H. Carpenter observed that both in Antedon and in Heliometra the gullet

runs downward and backward, trending slightly to the left. When it has reached

the bottom of the visceral mass the intestine turns to the right and coils around

its anterior side until it has reached the hinder part of the disk behind the com-

mencement of the first coil where it turns upward and slightly forward, to end

in the anal tube. The descending portion of the fore-gut is comparatively short,

and the coiled intestine into which it passes lies spread out on the upper surface

of the radials, so that there is no general dilatation of the gut at the bottom of

the cup as in the pentacrinoid.
He found that in the majority of the Comasteridse the digestive tube proceeds

directly downward to a point somewhat behind and to the left of the center of

the disk, and then commences to wind. Its direction, as in the endocyclic species,

follows the hands of the clock when seen from the ventral side, but there are four

coils instead of one. The first coil occupied the extreme edge of the lowest part

of the disk, and consequently passes in front of the mouth so as to appear beneath

it in longitudinal section. The second coil passes immediately behind it and is

followed by two more in an ever-narowing but ascending spiral which terminates

in the more or less central anal tube, which is often some little distance in front



MONOGRAPH OF THE EXISTING CRINOIDS. 317

611

612

613

614

618

FIGS. 610-618. TERMINAL COMBS OK VARiors COMASTERIDS. 010. CAIMI.LASTKR SENTOSA, EXTERNAL VIEW.

fill. SAME, VENTRAL VIEW. 612. SAME, INTERNAL VIEW. 613. CAPILLASTER MULTIRADIATA, EXTERNAL
VIEW. 614. SAME, VENTRAL VIEW. 615. SAME, INTERNAL VIEW. 616. COMATILIA IRIDOMKTRIFORMIS,

EXTERNAL VIEW. 617. SAME, VENTRAL VIEW. 618. SAME, INTERNAL VIEW.



318 BULLETIN 82, UNITED STATES NATIONAL MUSEUM.

of the point where the lowest part of the long gullet turns off to enter the great

exterior coil. The walls of this long digestive tube are but slightly plicated.

Histologically the digestive tube has been studied in greatest detail by Hamann.
The epithelial lining of the gullet, which passes over uninterruptedly at the

mouth and anal openings into the general epithelium of the body wall, and on

longitudinal sections through the mouth opening is seen to be continuous with

that of the ambulacral furrows, is composed of hair-like cells 0.1 mm. in length,

of which the nuclei lie inwardly, toward the middle, or even at the bases. Egg-

shaped gland cells 0.1 mm. long, the contents of which remain unstained, lie toward

the lumen of the tube, while at the base of the epithelium there runs a nerve

fibrillar layer.

When the cells are isolated it is easily seen that the fibers traversing the nerve

layer at right angles are basal processes from the supporting cells. The basal

processes from the other cells are much finer, break off easily, and behave like

the nerve fibrillae between which they can be followed.

Below the epithelial layer there is a scarcely perceptible layer of connective

tissue, and in the gullet beyond this a well-developed ring muscle layer which is

overlaid by the ccelomic epithelium.

The muscle layer is only recognizable in the commencement of the gullet

where the epithelium passes over from the disk into the lumen.

The nervous layer becomes less and less noticeable as the distance from the

mouth increases, and in the hind-gut can not with certainty be demonstrated.

Excepting within the anal tube, the cells of the whole alimentary tract glisten.

There is no cuticular lining. The cilia are attached to the ends of the cells by
short foot pieces.

While about the commencement of the gullet the muscle fibrillse are in several

layers and form a more or less well-developed sphincter, about the remaining por-
tions of the gut there is only a single layer, which in Antedon is difficult to demon-

strate, though in the larger types easily seen.

In longitudinal section the anal tube is seen to be a cylinder, more or less

swollen in the middle. In its formation the body wall, as well as the gut itself,

participates, the epithelium of each section passing over into that of the other at

the anal opening.
Within the anal tube the wall of the gut is connected with the body wall

through connective tissue cords or septa at regular intervals. These have collec-

tively a definite order and structure which is the same in all comatulids.

The wall of the rectum is composed of the same layers as the rest of the gut,
but these are here differently developed. The epithelial lining is provided with

cilia only in the lower half.

While the connective tissue layer increases in thickness distally, the epithelial

layer correspondingly decreases, and in the terminal section in no way differs from

the epithelium of the body wall into which it passes over at the anal opening,
like the latter merging insensibty into the connective tissue layer beneath it.

Gland cells are here present in large numbers. If the gut is fully extended longi-
tudinal plications or folds are seen to extend from the anal opening about halfway
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to the base. The connective tissue layer, about 0.1 mm. thick, is composed of

spindle-shaped and star-shaped cells. In Antedon there is no calcification. The
muscular layer is developed in the form of a strong sphincter.

The cords which establish the union between the gut and the body wall within

the anal tube are composed of connective tissue which outwardly passes into the

rutis and inwardly into the connective tissue layer lying in the gut wall just

beyond the ring muscle.

Nerve branches proceed from the mesodermal oral nervous system and from

the lateral nerves of the water vessels and enter the connective tissue layer of the

anal tube, innervating partly the skin and partly the musculature.

The histological structure of the gut is the same in all the comatulids in which

it has been studied.

In the young of Antedon bifida Sir Wyville Thomson described a
"
primitive

liver
" which has not been mentioned by subsequent writers.

Speaking of the adult Antedon bifida, W. B. Carpenter states that in the

thickened disk which surrounds the mouth, formed at the junction of the perisome
of the oral disk with the wall of the alimentary canal, he detected a series of

csecal tubuli opening into the commencement or esophageal portion of the alimen-

tary canal. He suggests that these may have a salivary function. He also sug-

gests that the peculiar gland-like character of the plicated portion of the wall of

the inner side of the horizontal coil of the alimentary canal seems to render it

probable that it performs the function of a liver.

Doctor Mortensen found that in Notocrinus mrilis the walls of the intestine

are greatly folded, a complete labyrinth of folds appearing on removal of the

skin of the ventral side of the disk. The folds are not confined to the ventral side,

although most strongly developed there. A reticulate connective tissue, contain-

ing no calcareous deposits, fills the interstices between the folds.

CHAMBERED ORGAN.

The chambered organ lies in the central cavity of the centrodorsal and is

completely incased by the nerve fibrillae which collectively form the central organ
of the dorsal nervous system.

Hamann, studying especially Neocomatella pulchella, has worked out the struc-

ture of the chambered organ in great detail. He finds it to be the same in Neocoma-

tella pulchella, Comatula rotalaria, Comanthus parvicirra, Antedon mediterranea,

and Heliometra glacialis.

In the dorsoventral axis of the chambered organ there runs a cord which is

a dorsalward continuation of the axial organ lying within the calyx. This cord

is attached to the wall of the chambered organ by five radiating bands or septa,

which thus form five separate chambers. Ventrally, these five chambers contract

and run as narrow tubes close along the axial cord, soon ending blindly, and con-

necting bridges appear between the five radial mesenteries ; dorsally the chambers

are in communication with the central vessels of the cirri into which derivatives

from the five septa run as flattened median partitions. The cirrus vessels are given
off only in the five meridians, though usually in several rows. Toward the center
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of the dorsal portion of the chambered organ cirrus vessels are found which run

through the centrodorsal and end blindly within the epithelium; these are the

last traces of cirri which have become obsolete and have been discarded. The
median partition in each cirrus vessel is of the same structure as the septa of the

chambered organ, with which it is continuous. It consists of a thinner connective

tissue sheet covered on both sides with epithelium, and does not contain muscle

fibers.

The cavities of the chambered organ are lined with an epithelium which is

continuous with and similar to that covering the radiating connective tissue

septa, and which is also produced into the cirrus vessels. This epithelium is

composed of uniform closely crowded cells 0.005 mm. to 0.004 mm. high with

deeply staining nuclei and without cilia, which form a continuous layer.

Perrier noticed in the cavities of the chambered organ a great number of

free elements, very regularly spherical and staining only very faintly. He never

found these bodies outside of the chambered organ.

Eeichensperger in his studies on Isocrinus noticed these bodies and later made
a detailed investigation of them in several species of comatulids.

In all parts of the chambered organ, and only within that structure, large
and small spherical bodies occur which show a decided partiality for certain stains.

The small particles are composed of a fine friable substance
;
the larger are covered

with the same material, some with a very thin, others with a thicker stratum.

These spherical bodies are hollow spheres, of which the largest measure from

6(x to 10
[i.

in diameter. They were found in all the species examined.

Eeichensperger was not able to determine the place of origin of these spheres
but suggests that they may possibly be formed by the moderately high epithelium
of the chambered organ, for on this epithelium lie most of the smaller bodies, as

well as those which are more thickly enveloped in organic substance. He did not,

however, observe actual origin from the epithelium, or any alteration within its

cells which would suggest such an origin. The minuteness of the elements involved

rendered determination of this point difficult.

These bodies were found in the following material :

Five Isocrinus deconis, whole chambers with numerous little spheres.

Two Comanthus bennetti, whole chambers with numerous little spheres.
One Comasterid, species undetermined, the same.

Six Antedon mediterranea, the same.

Of three specimens of Antedon mediterranea which were regenerating whole

arms one possessed a very few little spheres, the two others none at all, but instead

there appeared in the chambered organ a network of a strongly stained substance

resembling that enveloping the spheres.

Keichensperger suggests that these spheres may serve to contain a reserve

supply of limestone in a more or less concentrated solution for use in the reparation
of the skeleton.

The chambered organ, together with the canals which lead into the cirri, in

the very young animal is in communication with the body cavity, of which it is

an integral part, but from which it later becomes entirely cut off.
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AXIAL ORGAN.

The axial cord which traverses the chambered organ emerges from it ventrally

and continues as an irregular cord-like structure into the calicular body cavity,

running upward between the coils of the digestive tube and ending blindly in the

vicinity of the mouth. It does not lie in the center of the calyx, but on one side.

The axial organ is covered on all sides with coelomic epithelium composed of

squarish or more flattened cells. A cross section through it shows a series of

chambers lying in a common connective tissue, which is distinct from the crelomic

epithelium. The nearer the sections studied lie to the ventral surface of the

animal the more numerous are the cavities, some of which are cut across, others

longitudinally.
Toward the middle of the organ the diameter and the number of the chambers

increases, from that point onward gradually diminishing again. Longitudinal
sections show that these chambers give rise to short, blind, lateral branches, the

greater part of which run longitudinally. Single chambers may branch out

together from the main mass, causing the organ, originally in a single line, to

break up into several lines. These branches are also covered with coelomic

epithelium.

The individual chambers are lined with an epithelium about 0.04 mm. in

height composed of closely crowded cylindrical cells showing granular contents,

and with the circular vesicular nuclei lying at their bases. The lumen of the

chambers is sometimes wide and sometimes narrow, and is often filled with a

coagulable clear fluid.

The connective substance in which all these chambers lie is made up of clear

ground substance which shows no calcification, and spindle or star shaped cells

the processes of which are irregularly intertwined.

The circumference of this organ decreases toward the ventral side, and the

last chambers end blindly. The dorsal end dwindles away, and is continued as

the axial cord of the chambered organ. Sections through this end portion show
that the number of the chambers has become very small and decreases dorsally.

The chambers are very narrow and possess an epithelial lining which differs

from that in the chambers lying within the body cavity, being composed of lower,
almost flattened, or cubical cells.

The last four or five narrow little canals end blindly. The cirrus vessels are

not processes from these canals, but arise from the chambered organ.

According to Hamann the axial organ is a closed capsule ensheathed by fibrous

connective tissue. The inclosed vesicles, which have no connection with the

exterior, are shorter or longer tubes, sometimes flask shaped, sometimes club

shaped and partially branched.

Hamann noticed that blood lacunae may be traced into the immediate vicinity

of the axial organ, and that they appear narrowly to connect with it on the

ventral end. The blood from these lacunae can not enter the lumina of the cavities,

but can at the most enter the connective tissue of the organ, where, however,
Hamann has not been able to observe it.
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Keichensperger reinvestigated the axial organ in great detail but did not

succeed in elucidating its relation to the other organs further than to convince

himself that it is in intimate relation with the blood lacunar system, as had been

assumed by Ludwig and more recently reaffirmed by Chadwick.

He found many times places where the blood vessels apparently enter directly

into the organ itself, the thin epithelium of the blood vessels passing directly

over into the thicker epithelium of the axial organ. In addition, he sometimes

found in the blood vascular system the products of the cells of the axial organ,
in the shape of rounded granules.

That these rounded granules are the product of the cells of the axial organ

Keichensperger believes is shown by the fact that in the places where the granules
lie the cells have a markedly glandular character. Among other features, the

cytoplasm shows small vacuoles.

Chadwick noted that at the breeding season the cells of the axial organ in

Antedon lifida loosen from their basal membrane and become amoeboid.

Keichensperger was not able to confirm this in Antedon mediterra'nea, although
he was at Naples during the height of the breeding season.

CENTRAL 01H5AN.

The central organ of the dorsal nervous system, sometimes known as the

central capsule, is composed of a mass of nerve fibrillse, in general concentric

in arrangement, which entirely envelops the chambered organ except for a small

area at the ventral pole where its axis passes ventrally into the axial organ.
From the dorsal portion of the central organ, involving all of the nerve fibrillar

layers, arise radially the envelopes of parallel nerve fibrillse which ensheath

throughout their whole course the tubular extensions of the cavities of the cham-

bered organ into the cirri.

Above these, with their bases in contact all around the central organ, are

given off the five large and stout primary nerve branches which, narrowing and

passing diagonally upward, almost immediately divide, the two resultant halves

of each diverging widel}
7 and merging with the similarly diverging halves of the

two adjacent to form, within the radials, the secondary nerve trunks which become

the dorsal nerve cords, or axial cords, of the arms.

The inner fibrillse of the central organ, which lie directly upon the chambered

organ, run concentrically, this arrangement being interrupted only at the bases of

the cirrus vessels. Those of the cortical layer are for the most part concentric,

but their arrangement is very irregular at the bases of the cirrus nerves.

The fibrillae of the five nerve masses which form the five primary nerve trunks

are parallel.

Large ganglion cells are especially numerous on the dorsal side of the central

organ at the base of the cirrus nerves, and where the five primary nerves arise,

and these still further interrupt the normal concentric course of the fibrillae.

CIRRUS JJEKVES.

Each of the tubular vessels which run from the chambered organ into the

cirri is incased all along its course by an investment of parallel nerve fibrillii-
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which forms a stout envelope all about it, being of greater thickness than the

diameter of the vessel itself.

In cross section ganglion cells are seen which are mostly bipolar and lie

either peripherally or scattered between the fibrillse; they are arranged in definite

groups.
Within each cirrus segment, as within each brachial and pinnular, four

nervules are given off from the main stem at opposite corners; these innervate

the ligaments between the segments and the outer layers of the segments themselves.

BRACHIAL NERVES.

Nerves of the division series.

Each half of the five primary interradial nerve stems, which divide imme-

diately upon leaving the central organ, joins within the calcareous substance

of the radial the adjacent half of the neighboring primary stem to form one

of the five secondary interradial nerve stems. Very shortly after this union the

five secondary nerve stems are connected all around the calyx by an intraradial

commissure, which is pentagonal in form.

From the radials the secondary nerve stem passes as a single cord through
the IBi\ ;

but on entering the IBr, (axillary) it divides into a right and left

branch, these two branches running to the center of the right and left distal

faces of the axillary. Just before leaving the axillary the two branches are con-

nected by a transverse commissural band of fibrillae and by a chiasma formed by
two obliquely placed bands which cross one another and, joining the opposite
branches at the ends of the transverse commissure, furnish additional communi-
cation between the right and left branches.

Every subsequent division series reduplicates the conditions found in the IBr

series, and every subsequent axillary contains a similar transverse commissure and
chiasma.

The branches of the secondary nerve stems leave the axillaries as sinsle cordsv O
and, gradually decreasing in size distally, pass along the dorsal side of the

undivided arms in tubular channels perforating the brachials as the axial nerve

cords of the arms.
Finer structure of the brachial nerves.

The nerve cords which emanate from the central organ are throughout their

whole length solid and approximately circular in section. In Antedon mediter-

ranea the diameter of the primary nerve stems is 0.2 mm., that of the two deriva-

tives of each of these which unite to form the axial cord of the arms 0.1 mm.,
and that of the branches forming the chiasma 0.02 mm.

The fibrillse of the dorsal nerves are exceptionally fine and run everywhere

parallel to each other and closely appressed. The short bundles of fibrillje which
form the chiasma in the IBr. (axillary) pass each other in the center, almost at a

right angle, without intermingling.
About the periphery the nerve cords are studded with large, mostly multi-

polar, ganglion cells; these are abundant dorsally, forming a sort of peripheral

capping, and occur irregularly in the central portion.
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Small bipolar cells are also present, uniformly distributed.

Though large multipolar cells are abundant at the ends of the commissures,

there are few ganglion cells in the chiasmas.

In glycerine the nerve fibrillse appear finely granulated and possess strong

refractive power. Generally speaking, they are uniform in thickness, about 0.001

mm. in cross section.

Two entirely distinct kinds of ganglion cells are found among these nerve

fibrillae, small bipolar cells 0.003 mm. long irregularly distributed between the

fibers, and larger, mostly multipolar, cells which are either spindle shaped

(bipolar) or very irregular. The size of the latter is difficult to give, for the cell

body may be much elongated ; according to Hamann, they vary between 0.007 mm.
and 0.02 mm. Reichensperger says that, including their processes, they vary from

36 ix by 10 (i to 65 JA by 10 u. Their vesicular necleus is oval and almost always
shows a prominent nuclear body and a fine, more or less diffused, network of chro-

matin threads. The cytoplasm stains very deeply and appears granulated, the

granulations being traceable to the extreme ends of the processes.

While the smaller ganglion cells are scattered everywhere in great numbers,
the larger, less numerous, chiefly lie on the surface of the fibrillar bundles, being

especially abundant about the base of the lateral nerve branches, particularly at

the chiasma which is formed at the commencement of each pinnule nerve. In the

arms they may pass deeply into the nerve cord and there form a longitudinal

band which often makes the cord appear as if divided into two halves by a median

septum.
The processes of the ganglion cells ramify and penetrate the fibrillar bundles.

Branching nf the axial cord in the arms.

In the middle of each brachial there is a swelling of the axial nerve cord, and

from this swelling four stout nerve branches arise with laterally and dorsally a

few weaker additional branches between them.

The individual nerve branches leaving the mid-brachial swelling in part pene-
trate far into the interior of the nerve mass of the central cord, and they are bound

together at the base by commissures.

Of the four chief nerve branches the two dorsal penetrate the calcified

substance of the brachials and reach the epithelium; the two ventral pass to the

interbrachial muscles, the ventral epithelium, and the pinnules.

Hamann has worked out in HeMometra glacialis the ramifications of the two

dorsal nerve branches. Shortly after their origin these divide dichotomously,
and each of the resultant twigs divides in the same way. This process continues

until each nerve presents the appearance of a widely branched tree of which the

trunks are the original dorsal nerve branches and of which the outermost twigs,

composed each of a few fibrillse, enter the body epithelium.
The ultimate divisions of these dorsal nerve branches, composed of small

bundles of nerve fibrillre, lead to specialized groups of epithelial cells. The cylin-

drical or more or less flattened epithelial cells in these groups are more crowded
than usual, so that the nuclei appear more numerous. They taper toward their
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bases and are produced into extremely fine fibers which are in connection with

the nerve fibrillse. These specialized groups of epithelial cells are found on the

dorsal and lateral surfaces of the brachials and pinnulars. Hamann found them

most easily demonstrated in Heliometra glacialis.

The two ventral branches ramify in exactly the same way. One of them,

alternately the right and the left, enters the pinnule, in which its course and its sub-

division exactly duplicate that of the axial cord itself within the arm. After

very numerous divisions these ventral branches resolve themselves into fine twigs,

some of which reach the body epithelium, in the ambulacra! lappets and on the

ventral portion of the arm generally, while others, radiating out brush-like into

single fibrilke, enter the ventral interbrachial muscles.

In Heliometra glacialis Hamann found in the portion of the axial cord

traversing the muscular articulations between each pair of brachials ganglia

composed of a number of unipolar cells, each with a globular body 0.01 mm. by
0.02 mm. in size containing a clear vesicular nucleus with a nuclear body, which

taper into a strong process penetrating the nerve mass in which it radiates out

like a brush. The ganglia have not been described in Antedon.

In those portions of the calcareous ground substance which border immediately

upon the ligament masses of the muscular articulations, the articulations between

the cirrus segments, the syzygies and the synarthries lie numbers of the so-called

pear-shaped cells which give off at the small end often several processes pentrating
far into the fiber mass. The cytoplasm, including that of the finest divisions

of the processes, is very finely granulated. Reichensperger suggests that the

occurrence and strong staining of these granules recalls Nissle's bodies.

These pear-shaped cells were first described as ganglia by Perrier. His suc-

cessors either doubted their nervous nature or failed to ascribe to them any definite

function until very recently Reichensperger, studying the question anew, was able

to confirm Perrier's interpretation of them.

According to Reichensperger the only difference between these cells and the

ganglion cells of the axial cord lies in their stronger microchemical reaction, and

perhaps also in their more branched processes. The latter are also more or less

isolated, while these are massed, lying generally in pairs on the bows of the

dorsal ligaments.
In Antedon they recede somewhat from these bows, and the nerve twigs

therefore lie finely divided below them instead of above.

The processes of the pear-shaped cells are not united with cells, but run

between the ligament masses and surround single bundles. The connection

between these pear-shaped cells and the axial nerve cord of the arms was worked

out in detail by Reichensperger.
Just within the anterior and posterior border of each brachial there run out

from the axial cord nerve branches comparable to the nerve branches in the middle

of each brachial, but very much finer. These divide almost immediately and,

ramifying in a plane at right angles to the axial cord, resolve themselves into

extremely fine fibrillar bundles, which unite with the terminal layer of pear-

shaped cells. In a normal adult but few ganglion cells are found at the base
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of these branches from the axial cord. In the regenerating animal the nerve

elements are mostly in continuity with the processes of the pear-shaped cells, but

in the normal adult it appears more as if the fibrillse ran upon the cells and
surrounded them.

In Heliometra. glacialis Hamann was able to trace the single unpaired nerves

which unite the dorsal axial cord of the arm with the paired longitudinal nerves,

one of which runs on either side of the water vessel. These nerves run undivided

in a nearly straight line. Like the other nerve branches, they are composed of

parallel unbranched fibrillse the multipolar ganglion cells of which lie peripherally
or more or less within the nerve mass.

The structure of the axial cord of the arms and of its derivatives appears
to be practically identical in Comatella nigra, Comanthus parvicirra, Tropiometra

picta, Antedon bifida, A. mediterranea, A. adriatica, Heliometra glacialis, and

Isocrinus decorus. Most of the finer work has been done on Heliometra glacialis

on account of its large size.

WANDERING CELLS.

In intimate connection with the elements of the mesodermal nervous system
and of extreme importance in regeneration are the large wandering cells, which

were first differentiated from ganglion cells by Hamann, and later described in

detail by Reichensperger.
These wandering cells are very much more numerous in Antedon and Isocrinus

than in any of the Comasteridse. In Antedon they often form a complete sheath

about the central organ in the centrodorsal, as well as about all the nerve cords

radiating therefrom and their branches, occurring as isolated cells to the outermost

fine twigs. They also are found, though usually somewhat less abundantly, in

connection with the ventral nerve cords.

The wandering cells occur in every conceivable form; they may be almost

spherical, elongate oval, or elongate to wormlike; sometimes they have three or

four processes. In the resting condition their contents are either homogeneous,
or they show in the feebly stained cytoplasm masses of fine darker and lighter

irregular granules and rods. The nucleus is not very large, stains moderately,
and almost never exhibits details.

The size of the wandering cells can be only approximately given; according
to the amount of elongation they vary from 34 JA by 2

jji
to 52

[jt. by 1.5
jj,.

VENTRAL NERVOUS SYSTEM.

The ventral nervous system, which is intimately connected with the dorsal

but entirely distinct from the epithelial nervous system, centers in a pentagonal
circumoral nerve ring, oval in section and about 0.03 mm. in dorsoventral diameter,

which lies in the cutis on the same level as the circumoral canal of the water

vascular system.
This nerve ring gives off a very large number of branches. Radiating inward

are branches leading to and entering the tentacles
; outwardly on either side of the

radial water tubes there runs a longitudinal branch, 0.02 mm. in diameter, and
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this pair of branches divides and enters the arms, subsequently dividing in such

a way that a similar pair of nerve cords is always found in the ventral perisome
above the water vessel which traverses each arm and pinnule. In addition to these,

Hamann usually found branches, commonly two, between each two radial water

vessels leading outward and ramifying into the skin in every direction as far as

the border of the disk and giving off strong nervules which ramify in the connective

tissue of the mesenteries, bands, and septa traversing the body cavity, where they

are met with everywhere. Derivatives from this circumoral pentagon innervate

the epithelium of the madreporic or calicular pores.

From the two ventral nerve cords accompanying the water vessel of the arms

and pinnules arise a number of fine branches which run to the musculature of the

water vessels and their ramifications in the tentacles, and a branch which runs

along the connective tissue of each tentacle to its tip. The sense papillae of the

tentacles are innervated by branches from this ventral nervous system, the fibrillse

from the epithelial nerve plexus being only of secondary importance.

Throughout the length of the arms and pinnules an intimate connection is

maintained between this system of paired ventral cords and the axial cord of the

dorsal portion, the latter sending out in the middle of each brachial at the point
of origin of the pinnule nerve and opposite it connectives which unite it alternately
with the right and left cords of the ventral system ;

the length of these connectives

in Antedon mediterranea is 0.82 mm. ; furthermore, the peripheral branches of the

two systems are in union with each other.

These nerves and their branches are all compact and solid in their structure,

like those of the dorsal nervous system. Large bipolar and multipolar ganglion
cells resembling those of the dorsal nervous system occur, for the most part lying

peripherally, with some scattered through the fibrillar mass, especially along the

two main branches in the arms.

INNERVATION OF THE TENTACLES.

The epithelium on the side of the tentacles toward the ambulacral groove is

greatly thickened, equaling in thickness that of the ambulacral groove itself.

According to Hamann, its height in Heliometra glacialis is 0.08 mm. It is com-

posed of epithelial sense cells intermixed with supporting cells.

This epithelium, together with its papillae, is innervated by a lateral branch

from the epithelial nerve of the adjacent ambulacral groove, which can be traced

nearly to the tip of the tentacle.

The epithelium on the outer side of the tentacle is innervated by a lateral

branch from the adjacent longitudinal cord of the ventral nervous system, which

may be followed to the tentacle tip.

XEURILEMMA.

In Heliometra and in Antedon the only structure which might possibly be

interpreted as a neurilemma is the uncalcified connective tissue layer about the

axial nerve cord of the arms in which wandering cells occur here and there in
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large numbers. The branches arising from the axial cord appear never to possess

a sheath of any kind.

In Tropiometra carinata (or picta) Hamann found that a very different con-

dition obtains. While in Antedon it is only with certain reservations that we

can speak of a connective tissue sheath about the nerve stems, Tropiometra

possesses a verv thick and dense neurilemma which is best developed about the

cirrus nerves and least developed on the periphery of the central organ.

In a cross section of a cirrus nerve the larger part is occupied by the neuri-

lemma, the smaller by the nerve itself, from which alone the nerve branches are

seen to arise.

The neurilemma is composed of two different portions; for the most part it is

made up of fibers and cells lying very close together in the groxmd substance.

This fibrous part is separated from the nerve fibrillse by a membranous sheath

which incloses the nbrillse and extends outward into the fibrous portion as a

network. The neurilemma is sometimes sharply differentiated from the ground
substance of the ossicles, and sometimes passes directly into it.

About the axial cords of the arms the neurilemma forms only a thin sheath,

but it passes directly through these cords as a longitudinal dorsoventral partition.

The nerve branches given off from the axial cords are inclosed in a neurilemma

for only a short distance, and their branches are quite unsheathed.

The structure of the neurilemma about the axial cords is the same as that

of the neurilemma about the cirrus nerves, but the former is never so highly or

perfectly developed as the latter.

It is possible that the extraordinary toughness of the species of this genus, as

contrasted with the brittleness of the species of the Antedonidse, and the conse-

quent relative infrequency of regeneration processes, may in part account for the

presence of a strongly developed neurilemma, or rather that the necessity for

frequent reparation of lost parts in Antedon and Ileliometra may have resulted

in the reduction of the neurilemma in those forms. The great reduction in size

of the chambered organ in Tropiometra as compared with Heliometra may pos-

sibly be correlated with the high state of development of the neurilemma in the

former.
EPITHELIAL NERVES.

The epithelial nerves are composed of a continuous layer of nerve fibrillse,

which, truly epithelial in position, run between and at right angles to processes

from certain of the columnar epithelial cells forming the floor of the ambulacral

grooves of the disk, arms, and pinnules, sending out branches to the tentacles and

converging with the ambulacra to the mouth, thence passing inward under the

epithelium of the esophagus and of the digestive tube and, rapidly diminishing

in importance, following the further course of the latter as a very slightly

developed fibrillar layer.

No true circumoral ring is formed by this nervous system, for all the fibrillse

converging from the ambulacral grooves maintain their original relative direction

so that about the mouth a funnel-shaped nerve sheet is formed, composed of
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parallel fibrillse passing downward along the sides of the funnel instead of passing

concentrically around it.

Wherever, as on the oral pinnules and distal extensions of the arms and

pinnules in Heliometra glacialis and other types, on the genital pinnules of certain

of the Charitometridse, and on whole arms, and even whole post-radial series in

certain of the Comasteridse, the tentacles and ambulacral epithelium are absent,

the epithelial nerves are also absent.

The fibrillse composing the epithelial nerves are exactly like the fibrillae of

the dorsal and ventral nervous systems, and may be at once differentiated from

the connective tissue elements by their strong refractive power. Scattered among
them are multipolar and bipolar ganglion cells of which the cytoplasm is often

scarcely perceptible.

The connective tissue lamella described by Ludwig and others between this

nerve layer and the epithelium of the ambulacral grooves appears to be the

processes of the supporting cells.

P. H. Carpenter believed that the epithelial nerve band was united with a

fibrillar plexus from the axial cords which he traced into the connective tissue

of the perisome forming the ventral surface of the disk
;
but at present the opinion

is that there is no connection between the epithelial and either division of the

mesodermal nervous systems.
The epithelial nerves appear to be identical in all the comatulids which up

to the present have been studied.

PHYSIOLOGY OF THE CBINOIDAL NERVOUS SYSTEM.

In order to determine the functions of the different portions of the nervous

system of the comatulids a considerable amount of experimental work has been

done by W. B. Carpenter, Perrier, Jickeli, and A. Milnes Marshall, especially

by the first and last.

The results of this work have been thus summarized by Professor Marshall :

All parts of the surface of the animal are sensitive, but in very unequal

degrees. Irritation of the dorsal surface of the calyx causes only slight move-

ments of the arms, unless the irritation is severe or prolonged. Irritation of the

dorsal or lateral surfaces of the arms, where the integument is very thin, causes

flexion of the arms, with extension of the pinnules close to the irritated spot.

The response is usually prompt, but the movement is only slight. Prolonged or

more violent irritation causes exaggeration of the movement, together with approxi-
mation of the adjacent arms toward the irritated arm as though to remove the

source of irritation, and in some cases active movement of the whole animal in a

direction away from the irritated arm.

Irritation of the ventral surface of the disk between the ambulacral grooves
causes movements of the arms, but not nearly such active movements as when
the oral pinnules are touched.

The epithelium of the ambulacral grooves is extraordinarily and exceptionally

sensitive, and the response to stimuli is very definite. The slightest irritation
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causes instantaneous movement of the four or five pairs of pinnules immediately

adjacent to the irritated spot, the pinnules being folded alongside the ambulacral

groove so as to close it in and grasp the needle or other source of irritation. If

the stimulus be continued the .arm is actively flexed and the adjacent arms applied

to it as though to remove the source of irritation. The communication between

the sensitive surface of an arm or pinnule and the motor mechanism of all the

arms is not effected by the epithelial band, and is not affected by its destruc-

tion. Experiments yield identical results in eviscerated and unmutilated indi-

viduals. Marshall believes that the epithelial nerves form a special part of the

nervous system connected with the ambulacral epithelium and the water vessels.

Irritation of a pinnule causes, according to the degree and duration of the

stimulation, movement of the pinnule, movement of the whole arm, approximation

of the adjacent arms to the affected one, or active movement of the whole animal

away from the source of irritation.

Irritation of the oral pinnules causes immediate and very active flexion of

all the arms, resulting in closing them in over the disk.

Irritation of the central organ, whether mechanical or chemical, causes strong

flexion of all the arms, which persists as long as the stimulation is continued.

Dr. W. B. Carpenter found that sudden and consentaneous flexion of the arms

follows irritation of the central organ from the oral surface, while Professor

Marshall found that swimming movements quite as often result. The latter

believes that the slight difference may be accounted for by the oral pinnules being

accidentally irritated in some of the experiments, for if these be clipped off

swimming movements of the arms almost invariably follow irritation of the central

capsule from above.

Mechanical or chemical stimulation of the axial cord in the stump of an

amputated arm causes violent and repeated flexion of all the arms; stimulation

applied to other parts of the cut end produce but very little effect. Destruction

of the axial cord causes the arm beyond that point to coil spirally and to remain

so coiled regardless of the movements of the rest of the arm or of the animal.

Stimulation of the distal portion of an arm in which the axial cord has been

destroyed causes active movements of the irritated arm as far as the injury, but

no movement whatever either of the proximal portion of the injured arm or of any
of the other arms. The epithelial nerves under the ambulacral grooves, however,

continue to respond to stimuli in a perfectly normal manner. If the axial cord

be divided in two places, stimulation between the two wounds causes movements

of that part of the arm only.

Thus the axial cord furnishes the sole afferent communication, as well as

the sole motor communication, between the arms and the central organ, and

between different parts of the same arm. Destruction for some distance of the

soft parts of the ventral surface of an arm does not affect, either in eviscerated

or in unmutilated individuals, the movements of the animal on either side of the

destroyed portion.

The central organ is in direct physiological communication with the muscles

of the arms, and experiments yield identical results whether performed on evis-
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cerated or unmutilated specimens, proving that the epithelial nerve plexus forms

no part of the central mechanism. The removal of the central organ completely

destroys the coordinating mechanism between the arms as tested by (1) the power
of executing the normal swimming movements, and (2) the power of righting
itself when inverted, both of these powers being permanently destroyed by the

operation. But the central capsule does not form the sole physiological con-

nection between the axial cords of the several arms, for experiments show a physio-

logical connection through the intraradial commissure. Destruction of the pen-

tagonal commissure as well as of the central organ destroys the physiological
connection between the arm pairs, but does not disturb the connection between

the two arms of each pair. Eviscerated individuals yield the same results as

unmutilated specimens. From the results of his experiments Marshall was led

to believe that the transverse commissure in the IBr axillary furnishes the real

physiological connection between the two arms of each pair, and that the chiasma

(the two crossed intraaxillary connectives between the axial cords of each arm

pair) is connected with the alternating movements of the two arms of each pair
which occur in the act of swimming.

INTERBRACHIAL MUSCLES.

The interbrachial muscles of the comatulids appear on the ventral surface

of the arms from the radials outward as yellow or lighter or darker brown

bundles of fibers which form, according to their location, narrowly oblong, wedge-

shaped, irregularly elliptical, more or less rhombic, or semicircular masses with

the longer axis extending, usually more or less diagonally, quite across the arm,
and the shorter, parallel to the direction of the fibers, stretching between the

narrow ventral extensions of the brachials which form the muscle plates. In

species in which, as in the smaller Antedonidse, the ventral perisome is thin and

more or less transparent, the muscle bundles, owing to their relatively dark color,

are usually easily visible through it: in others, as the larger Comasteridse, in

which the perisome is thick and opaque, they are hidden from external view.

The individual fibers are more or less band-like, usually elliptical in cross

section, and are arranged in groups with their broader sides in contact. They
are easily separated, and the myofibrillar bundles of which each fiber is composed
are easily broken apart.

Bosshard found in fresh teased preparations and in longitudinal sections

through the ventral arm muscle of Antedon smooth fibers, fibers with distinct

longitudinal striping, and fibers with double diagonal striping.

Reichensperger found that, after being subjected to a somewhat complicated

staining process, the sarcoplasma of the muscle fiber (the isotropic substance of

Bosshard) shows a yellow or reddish coloring, and wound about it spirally are

the sharply outlined dark threads of contractile substance, the myofibrillse.

The course of these spiral threads differs according to the state of contraction

of the muscles. If the fiber is very strongly contracted they run almost parallel

transversely across the muscle, though a state of such strong contraction is very
rare in Antedon and was not observed by Bosshard. In the same muscle mass he
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found smooth longitudinally striped fibers and double diagonal striped fibers

mixed. The double diagonal striping he interpreted as a contraction phenomenon,
for on arm sections in which the fibers were stretched he found only fibers uni-

formly longitudinally striped, while on sections of arms very strongly flexed ven-

trally he found almost exclusively fibers with a strong diagonal striping, those

most flexed having the fibers with the closest spirals. In contrast to Bosshard,

Reichensperger was never able to find the smooth type of fiber.

Reichensperger states that the anisotropic substance of the fibers (composing
the dark lines) forms only a single spiral system; the appearance of a crowded
double diagonal striping is due to the striping on both sides of the fiber being
visible at the same time. The dark stripes appear to be present only in the outer-

most layer of the muscle fibers.

Apart from the spiral bands the muscle fibers in longitudinal section appear
homogeneous, without a cortical layer or similar structure.

In a cross section through a muscle fiber, which gives a circular or more or

less elliptical figure, numerous muscle ribs are seen, which appear as more or

less elongate wedge-shaped or triangular areas with the smaller ends or apices
directed toward the center. The number of these ridges is seldom very high,

mostly under 20, and never exceeding 25. They are embedded in sarcoplasma
and are separated by moderately large spaces. If the muscle is relaxed the central

clear space is moderately extensive; in contraction the form of the individual ribs

becomes markedly triangular, and they elongate inward so that the central space
becomes small, and in a state of especially strong contraction almost disappears.

The ribs consist of a matrix in which the myofibrillse lie embedded, mostly
in two, rarely in three rows, in general along the edges, the median portion remain-

ing free.

Bosshard describes the nucleus of the the muscle fiber as situated on the side,

externally, and as being long and elliptical, commonly surrounded by a somewhat

lighter granular zone over which the sarcolemma, not always easily visible, extends.

The sarcolemma is often somewhat raised in the region of the nucleus, while over

the remainder of the fiber it clings closely to the contractile substance.

Hamann believes that not one but several nuclei belong to each fiber. He
describes them as elongate-oval in form and as lying at approximately equal
intervals on the outer surface. He says that in Heliometra glacialis these nuclei

are very large; in Antedon mediterranca they are slimmer and smaller; in the

latter the longest fibers in a state of weak contraction are 0.5 mm., the nuclei being
0.04 mm. in length.

Reichensperger says that the single nucleus occupies a position on the border

of the clear central area within the fiber.

On the insertions of the fibers compact plates are developed in which no
details can be made out. These adapt themselves to the contour of the meshes

in which lie the skeletal parts. From the more intensive staining of these plates
and of the adjacent ligamentous portion of the fibers it appears almost as if a

special substance was secreted to form the attachment.
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In the ground substance of the skeleton adjacent to the attaching plates of

the muscle fibers Reichensperger found peculiar crescentic or semicircular cells

with large, deeply staining nuclei, which give off from the two ends complicated

ramifying processes running fiber-like in various directions, some of which accom-

pany the muscle fibers for a short distance.

Reichensperger believes that these may be specially differentiated connective

tissue elements which aid in strengthening the part to which the muscles are

attached. They have nothing to do with the innervation of the musculature, which

is accomplished by a ventral branch from the axial cord that in the form of

extremelv fine twigs penetrates the muscle bundle from the side and runs up on

the fibers.

Muscle fibers similar to those just described occur in Isocrinus and in the

Comasteridse.
EPITHELIAL MUSCLES.

In the walls of all the water vessels very numerous muscle fibers are found,

most of which run parallel to the axis of the vessels, a few traversing the lumen.

These are connected with the epithelial cells lining the water vascular canals.

The true epithelial cells are cubical; but connected with each of them and

running longitudinally along the wall of the canals or across the lumen is a short

spindle-shaped muscle fiber, terminally pointed, which in Antedon mediterranea

measures from 0.02 mm. to 0.03 mm. in length, but scarcely half of that if strongly

contracted.
LIGAMENTS.

The so-called ligaments uniting the pinnulars and cirrals, occupying the inter-

articular and dorsal ligament fossse of the muscular articulations, as well as the

paired fossae of the synarthries, binding the syzygial surfaces together, and in

the stalked crinoids uniting the columnals, are all of the same nature. In the

muscular articulations a differentiation has usually been made between the liga-

ments occupying the interarticular ligament fossse and the ligament pit in the

dorsal ligament fossa, and those of the rest of the dorsal ligament mass; but this

division can not be maintained histologically.

In life the dorsal ligament mass is white and glistening, and the interarticular

ligament masses in reflected light are bluish with a marked mother-of-pearl luster.

The interarticular ligament masses are much tougher than the others, and

resist the action of caustic longest.

The fibers of the dorsal ligament are almost always bowed outward, away
from the axis of the arm.

In the interarticular ligaments the individual fibers are much more slender

and noticeably shorter than those in the dorsal ligament. Stout and slender fibers

are here intermingled so that a felt-like appearance is produced.

Jickeli was the first to indicate that the so-called ligaments between the

cirrals are not of a purely elastic nature. He had noticed that the cirri are capable
of active movement.



340 BULLETIN 82, UNITED STATES NATIONAL MUSEUM.

Perrier refers to the ligament masses as true muscle, calling them hyaline
muscles in contrast to the brown ventral muscles which he designates as refractive

muscles.

Hamann and Reichensperger followed Perrier, while Bosshard reverted to the

earlier conceptions of J. M tiller and the Carpenters, who considered the ligaments
as merely elastic tissue.

The detailed structure of the ligaments is most readily understood when taken

up in connection with their development. As this has only been worked out in

regenerating pinnules and arm tips the discussion of this part of the subject will

be reserved for the section on regeneration (p. 429).

There is no connection whatever between the fibrillie of the ligaments and the

organic base of the skeleton.

The rich innervation of the ligament masses, as well as the difference in stain-

ing properties, show conclusively that they are not of a connective tissue nature.

Eeichensperger believes that this innervation should be interpreted as showing
that the ligament masses, especially of the syzygies, which are composed of liga-

ments alone, are predetermined foci for autotomy.

Often, especially when the ventral musculature is fully extended, remarkable

wave-like figures appear in longitudinal sections through the dorsal ligament mass

which distantly resemble the so-called contraction knots in smooth muscle cells.

The staining of the knots approaches that of true muscles, while the intermediate

regions take the usual stain of the dorsal ligament.
There is a slight difference between the staining properties of the interarticular

ligament masses and the fibers in the pit just beneath the center of the transverse

ridge in the dorsal ligament fossa, and those of the dorsal ligament bundles and the

ligament bundles of the synarthries and syzygies, and in these places the ligament
bundles are more closely packed together, but no other difference between the

ligaments of these regions can be found.

Microscopically it is seen that the syzygies usually tear apart across the middle

of the fibers and seldom in the region of the loops. Apparently as a result of

stimulation of the nerves a sudden over-contraction of the fibers occurs, and these

part more or less in the center.

Autotomy takes place very quietly, without convulsive movements. Reichen-

sperger doubts that, as has been suggested, autotomy can follow mechanically from

a rolling up of the arms.

Autotomy is frequent at the synarthries between the elements of the IBr

series, as well as between the first two brachials.

At muscular articulations it is in the highest degree exceptional. When
it occurs the dorsal ligament first tears across, and later the ventral muscles are

ripped apart. The broken surface presents a confused mass of ligaments and

muscles, and regeneration is somewhat less prompt than after fracture at a syzygy
The ligaments in the Comasteridse and in Isocrinus are identical with those

in Antedon.
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The structure of the ligaments in the columnal syzygies in Isocrinus is identical

with that of the brachial syzygies, though here the ligaments are shortened to a

minimum and the various elements are more difficult to demonstrate.

In the column of Isocrinus the pear shaped ganglion cells occur in only limited

numbers, except at the syzygies. The ligaments of the internodes mostly run

through several columnals and are very deeply embedded in the calcareous sub-

stance. Between the syzygies the column is very tough, and broken surfaces always
show fragments of the adjacent ossicles. Only at the syzygies does a smooth break

occur.

Reichensperger comes to the conclusion that the fiber bundles of the dorsal and

interarticular ligaments in the muscular articulations, and of the syzygies and

synarthries, possess primitive muscular attributes and are to be interpreted rather

as a primitive type of muscle than as pure connective tissue. But, as he says,

additional investigation, especially along physiological lines, is needed to settle

the question.
LIGAMENTS IN THE CIRRI.

The movements of the cirri have been mentioned by many observers, and

it is clear that the ligaments uniting their segments must be capable of independent

movement; but they agree in every respect with those in the dorsal and inter-

articular ligament bundles of the muscular articulations, and with those in the

syzygies and synarthries.
WATER-VASCULAK SYSTEM.

The water-vascular system consists of a ring canal about the mouth, running
beneath the ambulacral depression, and vessels radiating from this which run

out under each ambulacral groove, following its course onto the arms and pinnules.

Attached to the ring canal is a row of little tubes which open into the body

cavity, and which collectively are the equivalent of the so-called stone canal of

the other echinoderms.

A madreporite comparable to that of the starfishes was described in Antedon

mediterranea by Delle Chiaje, but it turned out to be a convex parasitic worm of

the genus Myzostomum. Communication between the body cavity and the exterior

is maintained by a variable number of pore canals, or calyx pores. Carpenter
notes that the early pentacrinoid larva has but one of these, situated in the same

interradius as the fore gut; in the later stages of pentacrinoid life and in the

young Antedon just free from the larval column there are five, one in each inter-

radius: while in the adult Antedon bifi.da there are about 30 in each interradius.

and in Heliometra ylacialis the number becomes still larger. Ludwig estimates

that there are 1,500 in the ordinary adult Antedon mediterranea,

The calyx pores occur on the oral surface of the disk and on the lateral

surface of the arms as far as the second brachial. Except in the immediate

neighborhood of the mouth they are less abundant in the anal interradius than

elsewhere, and though they sometimes occur on the sides of the disk they never

extend far down toward the dorsal side. When the disk is plated the pores may
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be scattered singly in individual plates, or they may be grouped, several to a single

plate.

Carpenter has noticed that in the Comasteridse the calyx pores are generally
situated in the immediate neighborhood of the ambulacra, and the greater part
of the disk which is occupied by the large anal interradius is almost entirely free

from them. They are not necessarily limited to the disk, for they may also be

found on the lower parts of the arms and also on the proximal pinnules. In
both cases they open near the genital canal. In a few cases Carpenter found calyx

pores on the middle and later pinnules of the arms
;
these open into the genital canal

of the pinnule, according to Carpenter, close to the point where it arises from
that of the arm.

The calyx pores are the external openings of minute canals which are lined

with columnar epithelium, and expand almost immediately into ampulla-like en-

largements, which traverse the body wall as wider canals of uniform width, lead-

ing into the outer chambers of the restricted body cavity. The epithelial lining is

composed of closely crowded ciliated cells which have deeply stained oval nuclei.

These cells are 0.01 mm. high, and bear cilia 0.02 mm. in length, which in Antedon

mediterranea entirely fill the lumen of the ampulla-like swelling, the latter being
0.06 mm. in diameter. In life the cilia beat inwardly, according to W. B. Car-

penter. At the inner end of the calyx pores the ciliated epithelium passes gradually
over into a low flat pavement epithelium, which again transforms into the epi-

thelium lining the body cavity. On the oral side of the disk the inner end of the

canal often bends at an obtuse angle, so that the canal does not traverse the body
wall perpendicularly. There are no calyx pores on the arms beyond the second

brachial. On the arms the pore canals open into the genital canal or into the

cavities around it and in communication with it, which are extensions of the

body cavity.

The radial vessels of the water-vascular system, which underlie the ambulacral

grooves of the disk in the comatulids, arise from the angles of the pentagonal dorso-

ventrally flattened water-vascular ring as single trunks situated beneath the median

line of the ambulacra. In addition to these five main radial branches the circum-

oral water-vascular ring gives off small branches to the oral tentacles.

In Isocrinus decants and in Endoxocrinus wyvillethomsoni there is a radial

extension of the labial plexus of the blood-vascular system in this position, and the

two trunks which ultimately unite to form the single water vessel of the ambulacrum

are thus kept separate for a considerable distance, 1.5 mm. or more, from the edge
of the peristome; that is to say, the circumoral water-vascular ring is markedly
stellate, instead of simply pentagonal, as in the comatulids.

Neither the oral ring nor the radial water vessels have any ampullae connected

with them, though, as suggested by Ludwig, these are perhaps represented by the

small lateral pouches of the radial vessels which are opposite the tentacular

branches and are crossed by muscle threads, while the function of the ampullae may
be also in part performed by the muscle threads which cross the lumen of the water

tubes everywhere.
142140 21 Bull. 82 24
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P. H. Carpenter noted that the presence of tentacular branches from the water

vessels is invariably correlated with the presence of an ambulacral groove on the

ventral surface of the arms and pinnules. If this remains undeveloped not only

are the ambulacral epithelium, nerves, and blood vessels absent, but, since there are

no tentacles, the water vessels are simple tubes without lateral extensions.

This condition may occur in a majority of the arms and the corresponding

portions of the disk in many of the species of the Comasteridse, in a variable num-

ber of the lower pinnules in certain of the Comasteridae and Charitometridse, and is

found in the proximal pinnules of most comatulid types.

On the other hand, P. H. Carpenter noticed that in Metacrinus the ambulacral

grooves, and with them the water vessels of the large basal pinnules, may arise

directly from the primary ambulacra of the disk, or even from the peristome itself.

In a cross section r>f an arm one sees in the floor of the ambulacral groove the

high epithelium of thread-like cells, between the basal processes of which run the

epithelial nerve nbrilla?; beneath this epithelium with its nerve fibrillar layer lies

a thin connective tissue layer in which a schizoccele cavity can be made out: and

just below this lies the water vessel, giving off at intervals to right and left smaller

vessels to the tentacles. The water vessel often lies so closely to the schizocoele

cavity in the connective tissue layer just above it that the partition separating

them appears merely as a thin membrane of firm consistency. The water vessel

and the overlying structures maintain the same relationships on the disk.

The water vessels are lined with a low epithelium composed of cubical cells.

Each cell of the external layer under the epithelial nerve is prolonged into a muscle

fiber which runs parallel to the axis of the vessel, and is therefore an epithelial

muscle cell.

These epithelial muscle cells have been found by Hamann in Comatula rota-

laria, Comanthus parvicirra, Tropiometra picta, Antedon mediterranea, and Iso-

crinus decorus. In Antedon mediterranea the height of these cells is 0.003 mm., in

the tentacles 0.004 mm. They bear no cilia.

An exceedingly fine membrane ensheathes the water vessels.

The lumen of all the water vessels is traversed by muscle fibers, and there are

also longitudinal muscle fibers attached to the epithelial cells.

The canals which open into the chambers of the body cavity from the circumoral

canal are in Antedon mediterranea 0.002 mm. in diameter. They are circular in

cross section and are composed of three layers, a layer of ciliated epithelium lining

the inner cavity, a thinner connective tissue layer, and an external epithelhim,

which at the openings passes over into the ciliated epithelium. The inner layer is

composed of cells the nuclei of which are elongated oval in form; they possess so

little cytoplasm that in a section the layer appears as a closely crowded layer of

nuclei. The length of these canals in Antedon mediterranea is 0.2 mm.
At their free ends these canals are almost always bent ; their mouths are funnel-

shaped, and the same in Tropiometra picta as in Antedon mediterranea. The cilia

are always very finely preserved. The thin connective tissue layer in their walls

shows no trace of calcification.
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Carpenter notes that in a large comatulid like Helwmetra glacialis these canals

may be found depending from the bases of the radial vessels beneath the middle

line of the ambulacrum in the first two or three sections beyond the edge of the

peristome.
In Isocrinus and Endoxocrinus the middle line of the ambulacrum near the

peristome is occupied by the blood vascular plexus, which has a water vessel on

either side of it, and the water tubes extend outward in a radial direction as long
as the water vessels remain double. They may extend for a distance of more than

3.5 mm. from the peristome. They coil around, as it were, the subambulacral

plates to open below into the upper part of the circumvisceral coelome. When,

however, the radial extensions of the labial plexus gradually thin out and the two

lateral water vessels unite into a single median trunk, the water tubes become less

numerous and are only found in the first two or three sections beyond the point of

union. They are thus really in the same position as in the comatulids, if we con-

sider the double water vessels as expressing extensions of the water vascular ring in

the direction of the rays.
BLOOD-VASCULiR SYSTEM.

The blood-vascular system of the crinoids is very highly developed, though
the blood vessels themselves are nothing more than intercommunicating cavities

or gaps in the connective tissue of the mesenteries, bands, and cords, which in all

directions traverse the body cavity. Since the individual bands and cords have

for the most part a small diameter, while the cavities in their connective tissue

in which the blood circulates may be extraordinarily expanded, the former are

sometimes reduced to the condition of a thin sheath inclosing the blood lacuna.

On a series of horizontal sections through the calyx a more or less regular

column of recurring lacunae may be made out. In Antedon mediterranea above

the approximate middle of the calyx there appear large lacunae, 0.1 mm. in

diameter, which are concentrically arranged about the axial organ, between this

and the outer coil of the digestive tube. In the upper part of the calyx there are

equal sized lacuna?, concentrically arranged, which give off large branches irregu-

larly on all sides. Surrounding the esophagus there lies a mass of very small

lacunae.

The lacunae of the bands and cords of the body cavity are in communication

with others in the wall of the digestive tube. The bands and cords themselves

pass over into the wall of the intestine, their connective tissue layer as well as

their epithelial investment merging into that of the gut wall.

The lacunae of the body cavity are not continued into the arms. The so-called

radial vessels in the arms, according to Hamann, are not blood lacuna? and are not

connected with the blood lacunar system.
A connection between the blood lacunae and the axial (glandular) organ is

present in that the connective tissue wall of the latter is continued into the cords

ind bands in which the blood circulates.

All these blood lacunae have the same structure. A section through a mesen-

tery containing a blood vessel shows externally the ccelomic epithelium which
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incloses all the organs in the body cavity, and within this a connective tissue layer

of variable thickness in which cells with fibers may appear. There is no true endo-

thelium. Though in Heliometra glacialis the connective tissue cells bordering the

lumen may be flattened here and there, such cells never form the entire lining.

The contents of the blood vessels consist of a finely granulated coagulable
fluid which rarely shows cells. It is difficult to demonstrate the existence of this

fluid in the connective tissue layer of the digestive tube, since the latter is always
but very slightly developed.

Sea water has access to the various subdivisions of the body cavity through
the calyx pores, but is entirely excluded from the blood-vascular system ;

the latter

has no connection whatever with the water-vascular system.
The blood-vascular system of Heliometra, Isocrimts. and such species of the

Comasteridae as have been studied is exactly like that of Antedon.

LABIAL PLEXUS AND SPONGY ORGAN.

P. H. Carpenter termed that part of the blood vascular system, composed
of very small lacunae, which lies about the esophagus the labial plexus. Vogt and

Perrier described this labial plexus as spongy tissue with branched vessels.

In Promacliocnnus kerguelensis, Heliometra glacialis, and Solanometra ant-

arctica Carpenter found that a portion of the labial plexus between the mouth
and the anal tube differs very considerably in structure from the rest of this organ.
The limits of this portion appeared so well defined, and it differed so much from

the remainder of the labial plexus, that Carpenter proposed to designate it by
the name of spongy organ. As described by Carpenter, the spongy organ lies

between the mouth and anus on the left or "eastern" side of the esophagus and

therefore is slightly nearer to the left posterior than to the right posterior ambu-
lacrum. In its most fully developed condition, only found between the mouth
and anus, the spongy organ is a somewhat egg-shaped mass, consisting almost

entirely of a delicate network of connective tissue with more or less open meshes.

The latter are rather wider in Promacliocnnus than in any other crinoid which

Carpenter examined. The trabeculse forming its outer portion are much more deli-

cate than those nearer the surface, and Carpenter was unable to find that they

possessed any epithelial covering. The surface of the organ is more compact, with

larger trabeculse and generaly smaller meshes which are lined with epithelial cells,

being, in fact, the ends of those blood vessels forming the labial plexus which are

connected with the spongy organ mostly, if not entirely, on its ventral side.

Carpenter notes that the spongy organ of Heliometra glacialis is more com-

pact than that of Promachocrinus, but is similarly situated in the space left by
the incomplete adhesion of the visceral and parietal layers of the peritoneum, being

suspended in this space by threads of connective tissue. It is practically the direct

backward continuation of the labial plexus at the eastern angle of the mouth,
where it is much more largely developed than on the opposite side. The relatively
thick epithelial walls of the vessels gradually disappear as they enter the spongy
organ, while the latter in turn passes insensibly backwards into the plexus of
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vessels in the upper surface of the visceral mass from which are derived both the

intervisceral vessels and the genital vessels of the two posterior ambulacra.

Hamann considers the differentiation of the labial plexus and the spongy organ
from the remaining portions of the blood vascular system impracticable and

unnecessary.
SCHIZOCCELH CAVITIES.

In the crinoids beneath the ambulacra! groove of the arms and pinnules and

just below the epithelial nerves there runs a slitlike canal which may, though

very rarely, be made out as traversing the disk and forming a ring around the

mouth.

In Antedon mediterranea Hamann found that this schizoccele canal runs out

into the arms as a constant structure. It may be closed here and there through
the contraction of the musculature of the water vessels in the ambulacral groove,
for just as soon as the water vessels become narrowed through the action of the

transverse muscle fibers the schizocoele canal vanishes. When the water vessels

are thus contracted the epithelium of the ambulacral grooves is not so much arched

as normally, forming instead, as seen in cross section, a straight line. The schizo-

ccele canal may also be closed by the movements of the arms.

In Antedon mediterranea the longitudinal schizocoele canal of the arms appears
in cross section as an oval cavity of small size, 0.04 mm. to 0.09 mm. in diameter

according to Reichensperger, and on well-preserved sections of the pinnules as

well as of the arms it can regularly be made out.

In Heliometra glncialis it has a diameter of 0.1 mm. It is slitlike to circular

in cross section, according to the state of contraction of the musculature of the

water vessels.

In large species like the latter the schizoccele canal, according to Hamann,
shows an endothelium of flattened cells 0.01 mm. in height, the nuclei of which

project into the lumen, making it evident that the cavity can not be an accidental

gap in the connective tissue layer beneath the epithelial nerve, but must be instead

a true and permanent cavity.

Reichensperger, however, was unable to convince himself of the existence of

the lining of flattened cells described by Hamann.

P. H. Carpenter notes that the schizocoele canals are large in Heliometra

glacialis and in Comatella nigra. In the latter they are sometimes triangular in

section with the apex pointing downward, so as to be received into a strongly

marked concavity in the upper edge of the water vessel
;
but in Heliometra glacialis

and in most other types their section is more or less lenticular, though sometimes

triangular with the apex projecting upward toward the epithelial layer above, and

so rendering the ambulacral nerve thinner in the middle line than in its more lateral

portions. He further remarks that the cellular lining of these radial canals is

much more delicate than that of the intervisceral blood vessels and is not easy

to make out.

Ludwig found that the schizocoele canals in the arms of Heliometra glacialis

are sometimes divided into two parts by a vertical septum which has a distinctly

cellular covering.
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Carpenter not infrequently found in the disk of the same species that the

lumen of the canal may be crossed in various directions by delicate threads, with

nuclei in them, which resemble the nucleated muscle threads in the water vessels,

but are much finer and less refractile.

Hamann believes that the canal in which the genital tube lies may possibly
be a schizoccele canal. It is lined with a flattened endothelium, the cells of which

in size and appearance resemble connective tissue cells. This endothelium is

only feebly developed and may be partially deficient. In any case, the cells are

to be differentiated markedly from the cells which line the canals of the arms.

Ludwig and P. H. Carpenter considered the schizoccele canals of the arms

the radial canals of the blood-vascular system.
Perrier denied their existence altogether.

Hamann says that these cavities are not connected with the blood lacunar

system, and are usually filled with a clear fluid like that of the body cavity.

Eeichensperger at first considered the schizoccele canals as blood vessels, fol-

lowing Ludwig and P. H. Carpenter. Later he admitted that the contents of

these cavities indicate that they undoubtedly perform the functions of blood

lacunae, since no other cavities of the arms contain so many lymph cells, which

are inclosed in typical blood channels.

He now considers that, although on account of their origin and form, and

on account of the absence of a uniform endothelium, they can not be considered

as normal blood vessels, the schizoccele canals are in reality blood vessels derived

through what are primarily schizocffile structures.

CILIATED EPITHELIUM OF THE AMBDLACBAL GttOOVES.

The ciliated epithelium of the ambulacra! grooves is composed of two kinds of

cells, epithelial sense cells, and supporting cells, the former in the majority. Both

types bear cilia which are attached to the slender cell body by foot pieces.

The epithelial sense cells are fine and almost hairlike. The spindle-shaped
cell body, inclosing an elongate-oval nucleus which shows a distinct network, is

produced outward into a fine process of variable length on which a cilium stands
;

inwardly it is produced into a fine extension, sometimes swollen here and there,

which may be followed into the nerve layer.

The supporting cells, possessing also elongate-oval nuclei which appear to stain

less deeply than those of the sense cells, are produced interiorly into stout hj'aline,

strongly refractile processes.

The epithelium lining the depression about the mouth opening is a continuation

of the epithelium of the ambulacral grooves and is composed of the same elements.

Near the ends of the arms and pinnules this epithelium disappears.

CILIATED SACKS.

Under the name of ciliated sacks Ludwig described in the dorsal wall of the

extension of the body cavity into the pinnules sacklike invaginations grouped
in each pinnule segment which are lined with ciliated epithelium.

Hamann studied these structures in detail in Comatula solans, Comanthus

parvicirra, Antedon mediterranea, Heliometra glacialis. and Isocrinus decorus.
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In sagittal sections of the extension of the body cavity into the pinnules the

circular openings of these sacks are visible, surrounded by a swollen border.

Sometimes these openings are large, sometimes contracted; in the latter case the

organ has a spherical appearance.
In Heliometra glacialis a structureless membrane separates the sacks from the

surrounding connective tissue. The epithelium lining the organ consists of high
cells which become flattened at the bottom of the sack and do not bear cilia. In
the upper part and about the opening the epithelium is greatly thickened, the cells

becoming more or less filiform with the oval nuclei, which lie in a swollen area,
sometimes nearer the base, sometimes nearer the summit. The long cilia are

attached to the cells by short foot pieces.

In Comanthus parvicim*a Hamann found these organs mostly in the form of

closed sacks, 0.05 mm. long and 0.04 mm. broad. Their structure was essentially
the same as in Heliometra glacialis, but at the bottom there were lower cells and
on the sides and about the opening longer ciliated cells.

In Isocrinus decants they also form closed sacks.

In Antedon mediterranea they occur in large numbers. They have the same
structure as in Heliometra glacialis, but the ciliated cells run deeper into the cavity,
which beyond them is lined with cubical cells without cilia.

These organs Hamann found to be best developed in Comatula Solaris. In
this species they lie closely massed in rows so that on a cross section through a

pinnule eight or more are cut through.
The ciliated sacks serve to impart motion to the fluid of the body cavity.

AMBULACKAL MUCUS CELLS.

In 1902 K. C. Schneider first described in Antedon mucus-producing cells,

which he found scattered between the supporting and sense cells of the ambulacral

epithelium.
These were subsequent!}

7 studied by Eeichensperger, who found them every-
where present in the ambulacral grooves of the disk, as well as in those of the arms
and pinnules, not only of Antedon mediterranea but of Isocrinus and of such of the

Comasteridse as he examined as well.

Figs. 1317-1321, pi. 46.

The sacculi are small, spherical bodies, easily visible under a hand lens,

ranged in an evenly spaced continuous row along either side of the ambulacral

grooves of the disk, arms, and pinnules. In the genus Antedon, and probably also

in other types, they occur in the walls of the digestive tube. P. H. Carpenter
found them in the lowest part of the cup of a larva with five cirrus stumps, just
above the chambered organ; but in other species he notes that they are either

entirely absent, or are invariably limited to the immediate neighborhood of the

water vessels.

In life the sacculi are colorless, but in preserved specimens they are, as a rule,

conspicuous as blackish, dark red, greenish, purplish, or yellow dots.
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Carpenter has noted that in those species in which the ambulacra are plated the

sacculi are lodged between the successive side plates, the anterior edges of which

are notched for their reception, while they occupy small pits in the large plates
which cover the genital pinnules.

In general, it may be said that sacculi are more abundant in shallow than in

deep water species, and they are of more uniform occurrence in the Macrophreata
than in the Oligophreata. They appear to be absent from the species of the family
Oomasteridae, excepting only Comatonia c-ristata.

Bury thus describes the structure of the sacculi. Each sacculus is a spherical

body bounded by a thin membrane in which are embedded a few flattened nuclei.

The interior of the sphere is more or less filled with a number of pyriform sacks,
each of which is, in its turn, filled with highly refractive spherules and is bounded

by a membrane continued at its inner end into a long thread which joins the wall

of the sacculus.

The refractive spherules have, at any rate in some cases, a definite arrange-
ment around a central cavity. The spherules, which are spherical when isolated,
are evidently much compressed within the sacks.

The greater part of the sacculus is embedded in the tissues, but at one point
its cavity is only separated from the exterior by its limiting membrane, which
here does not exhibit any nuclei.

During life the sacculus has a swollen appearance, and its free margin fre-

quently bulges out toward the exterior; this is due to the presence of a quantity
of mucus between the pyriform sacks and the wall of the sacculus and, if a living

pinnule be placed on a slide with a drop of water, this water becomes charged with

mucus, though whether this is due to a continuous secretion or to injury Bury was
unable to say. But any rough treatment of the pinnule leads to the escape not

only of increased quantities of mucus but also of many of the spherule-bearing
sacks. In spite of this it is rare to find in sections a sacculus freely open to

the exterior, and therefore Bury supposes that there is some means of rapidly

mending the ruptured membrane.

According to Reichensperger's observations the matter extruded by the rupture
of the sacculi in the living animal consists exclusively of granules in clusters

which, as noted by Perrier, much resemble the egg clusters. There is no mucus
associated with them at any time a fact which is made clear by the entire absence

of a reaction to mucus stains.

The sacculi of the disk, arms, and pinnules discharge their contents freely into

the surrounding medium
;
those which lie in the wall of the gut, especially at the

posterior end, for the most part discharge into the gut". After the periodical

rupture of the wall of the sacculus and the sudden extrusion of the granular contents

the healing of the wound resembles the healing of the orifice in the pinnule wall

through which the eggs are extruded. In most cases in the normal Antedon after

the discharge of the contents the capsule of the sacculus quickly shrivels, apparently
under pressure from the surrounding tissues and from the immediate regeneration
of the torn epithelium. Reichensperger was unable to find out what becomes of

the remains of the capsule. In the place of the spent sacculus, or in the immediate
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proximity, mesenchyme cells become prominent, and the formation of a new
sacculus is begun.

The first sacculi, five in number, appear in the Antedon larva shortly before

the breaking through of the vestibulum.

762

FIGS. 758-764. 758. DISK OF PBNTAMETKOCKINUS VARIANS. 759. DISK OF THAUMATOMETRA. BOKEALIS.

760. VENTRAL VIEW OF PORTION OF PINNULE OF PBRISSOMETRA SELENE, SHOWING COVERING PLATES
CLOSED DOWN OVER AMBULACRAL GROOVE. 761. LATERAL VIEW OF PORTION OF DRIED PINNULE OF NEO-
MBTRA SPINOSISSIMA, SHOWING COVERING PLATES CLOSED DOWN OVER AMBDLACRAL GROOVE. 762. TOB
OF GHOUSE (BONASA UMBBLLATA), SHOWING SCDTES DEVELOPED IN WINTER WHICH ARE SIMILAR TO
COVERING PLATES (DRAWING BY AUTHOR). 763. VENTRAL VIEW OF PORTION OF DRIED PINNULB OF
COMATILIA IRIDOMETRIFORMIS, SHOWING COVERING PLATES (DRAWING BY AUTHOR). 764. LATERAL VIEW
OF DRIED PINNULE OF COMATILIA IBIDOMETRIFORMIS, SHOWING COVERING PLATES (DRAWING BY AUTHOR).

In describing the formation of a sacculus Reichensperger says that a limited

number of mesenchyme cells assemble, usually forming a small spherical cell mass.

These cells possess a circular nucleus with prominent nuclear bodies. The small
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sphere which they form enlarges through the growth of the cells in such a way that

a free space remains in the interior. By its growth the sacculus is shoved near

the periphery and often causes a small external swelling. Reichensperger did not

observe at this stage any special epithelium as described by Seeliger.

With the enlargement of the sphere the nuclei become more indistinct and a

nuclear body is no longer recognizable. At the same time fine vesicles appear.

The cells have now become enlarged and elongated, so that they are somewhat

tongue-like in shape, with the broad bases crowded together and the more slender

distal ends projecting into the lumen of the sphere. In these slender and elongated

portions of the cells the larger granules are found, and further increase in number.

At a later stage certain cells everywhere on the periphery, chiefly lying toward

the outer side, are seen to produce no granules, but to become narrower and laterally

broader. These close together into a thin broad ring about the larger cells, en-

capsuling them.

At the time of the commencement of the building of the terminal thread the

nuclei of the cells is moderately large, and in the cytoplasm can be differentiated

thread-like cords.

In the fully developed sacculus the granules appear as if packed together and

lie clearly within the cell membrane, which is produced into a thread-like twisted

point. At first they are regularly spherical, but they later become flattened on two

or more sides and somewhat angled.

At different developmental stages the granules show the widest variation in

their reaction to stains.

Speaking of the variability in the number of sacculi in different species Reichen-

sperger says that in an apparently undescribed species of "Antedon " the sacculi

occupy by far the largest place in sections of the arms. They lie closely together,

separated only by a thin connective tissue layer, and are of considerable size, dis-

placing the other organs of the arm.

Reichensperger is undecided whether the vacuolar cell complex which Harnann

first described in the Comasteridse represents in that family the sacculi of the other

comatulid groups. Their corresponding position in the disk and in the arms ap-

pears to indicate it. In many sections also it appears as if they opened to the ex-

terior through the rupture of their wall in the same way as the sacculi.

P. H. Carpenter says that in some species of the Comasteridaj individual

vesicular bodies resembling the elements of the sacculi are scattered through the

ventral perisome, but they are not regularly arranged in groups along the sides of

the ambulacra.

No less than 11 more or less widely different functions have been ascribed to

the sacculi. In chronological order they have been considered as

(1) Excretory organs, secreting a reddish fluid, especially at the period of

sexual maturity (Dujardin and Heusinger).

(2) Ovaries (Forbes).

(3) Excretory organs (Perrier, Ludwig, Chadwick. and Reichensperger in

his more recent contributions).
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(4) Calcareous glands (Wyville Thomson).
(5) Sense organs (W. B. Carpenter).

(6) Symbiotic algae; Zooxanthellae (Vogt and Yung).
(7) Slime glands (Bury).

(8) Glands producing an amorphous secretion (Hamann).
(9) Stores of reserve material (Cuenot).

(10) Cement glands (Seeliger).

(11) Defence organs (Reichensperger in his earlier work).
At the present time they are interpreted as excretory organs.

TENTACLE PAPILL.E.

The tentacle papillae consist of four or five elongated epithelial cells, with the

nuclei in the basal portion, each terminating in a fine sense hair.

At the base of each papilla lie usually five, exceptionally six, irregularly pear-

shaped single-celled glands, in which a nucleus is usually visible, the extremely
fine ducts of which, slightly broadened at the mouth, run out longitudinally between

the processes of the elongated epithelial cells. According to Reichensperger, these

gland cells measure in Antedon mediterranea 0.006 mm. to 0.008 mm. by 0.002

mm. to 0.003 mm.
;
the leVigth of the ducts varies according to the state of contrac-

tion of the papillae.

Longitudinally through the center of each papilla there runs an axial muscle

fiber bearing a prominent nucleus, which is produced inwardly into the epithelial
muscle layer of the tentacle.

Though the relative size varies, the structure of the tentacle papillae is the

same in Isocrinus and in the Comasteridae as in Antedon, and in these types also

five is the usual number of gland cells present about their bases.

The structure of the tentacle papillae has been interpreted in a number of

different ways, giving rise to a considerable amount of controversy.

Wyville Thomson described them as hollow, their lumen in communication
with that of the tentacle. He noticed that they are arranged in three or four

irregular longitudinal rows on each tentacle, and that they are extensible, when
extended appearing uniform and structureless, when contracted showing three or

four annular grooves.
Perrier denied the existence of a median cavity in the papillae in connection

with that of the tentacles, and described in its place a glistening muscle fiber which
is produced into the second layer of the tentacle wall. On each of the three ter-

minal lappets he noticed an extremely fine, stiff hair, which he said disappeared
after death.

Ludwig described the wall of the papillae as uniform and structureless. Deny-
ing the presence of a central muscle fiber, he considered that the median axis was

occupied by a longitudinal canal, which broadens out in the epithelial laver of

the tentacle into a spherical cavity which is entirely cut off from the lumen of

the tentacle. He comments upon the extraordinary extensibility of the papillae,
which in Heliometra glacialis measure when extended 0.063 mm. in length by



356 BULLETIN 82, UNITED STATES NATIONAL MUSEUM.

0.0045 mm. in thickness, but which are only 0.008 mm. long when contracted.

Ludwig believed that the terminal hairs described by Perrier were nothing but

secretion products.
Cuenot confirmed the existence of the axial muscle fiber noticed by Perrier

and discovered its nucleus.

Jickeli described the papilla? as composed of the extensions of three or four

epithelial cells with nuclei at their base, the distal ends of each carrying a fine

sense hair. He noted the existence of a slowly waving flagellum projecting be-

tween the three or four terminal sense hairs, which he considered a prolongation
of the median fiber described by Perrier.

Miss Irene Sterzinger noticed mucus at the tip of the tentacles, but was not

able to demonstrate its occurrence in the papillae.

Reichensperger, whose description of the papillae is given above, found that

the waving terminal flagellum described by Jickeli is merely an optical effect due

to the secretion from the gland cells escaping into the water.

Perrier, Mobius, and Gotte considered the papillae as sense, or tactile, organs;

Ludwig, with great diffidence, suggests that they may be single-celled glandular

organs; Jickeli denied the presence of a secretion in the papillae and described

them as purely sense organs; Miss Sterzinger suggested that the mucus glands
in the tentacles may be connected with the procuring of food.

Reichensperger noticed that the secretion of the glands at the base of the

papillae differs markedly from that of the epithelial gland cells, and from that of

the cement-secreting cells, and is not of a purely mucoid nature. He believes that

the papillae are defence organs, analogous to the nettle cells of actinians. When
the terminal hairs are touched the papillae contract, pouring out their secretion into

the water. This secretion is of such a nature that by it large animals are prevented
from reaching the soft parts of the animal, while small organisms, small crus-

taceans and the like, are benumbed or killed, and subsequently carried by the cilia

of the ambulacral epithelium to the mouth.

DORSAL CLAUDS.

On the dorsal side of the calyx, on the sides of the arms and pinnules, and also

beneath the epithelium of the anal tube in N eocomatella pulcfiella, Hamann found

more or less egg-shaped cell groups. These groups, each composed of five or more
individual cells, occur directly below the epithelial layer. The single cells are

vesicular, possessing a thin membrane inclosing the clear, watery fluid which does

not stain; a spherical nucleus is visible lying more or less centrally surrounded

by a small amount of cytoplasm which is stretched out pseudopodia-Iike to the

cell walls and holds the nucleus in position. When isolated the walls of these

cells are often much folded.

Similar cell groups were found in the walls of the pinnules in all the comas-

terids studied by Hamann, but they were not met with in any endocyclic species.
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BRACHIAL AND PINNULE CYSTS OF ANTEDON.

Figs. 1305-1308, pi. 44.

In 1885 P. H. Carpenter called attention to peculiar swellings which he very

frequently observed on the pinnules, and less commonly on the arms, of Antedon.

From their appearance Carpenter thought that possibly they were caused by
myzostomes, and for that reason he sent a number of them to Prof. Ludwig von
Graff for examination.

The latter found that the malformations of the pinnules are extraordinarily
numerous and occur on specimens of the several species of Antedon from the

most diverse localities. Sometimes the}
7 are hardly noticeable thickenings of a

single segment, or of two, less frequently of three, sometimes larger spherical
dilatations toward the adambulacral side. Somewhat rarely dilatations occur

which are really only pits surrounded by a thickened wall. On the other hand,
there are not infrequently two or three such swellings on the same pinnule, and on
a single arm of an example of Antedon bifida from Milford von Graff counted

7 of the malformations, and in all 14 characteristic swellings on one individual.

The arm swellings are less numerous. On a specimen collected near Gibraltar

by the Vettor Pisani three distinct deformities occur in close approximation.
The very slight swelling of the arm extends over two segments and is tolerably
uniform on either side. Von Graff observed, however, one-sided conical swellings
of the brachials, sometimes combined with an enlargement of the basal segment
of the attached pinnules.

Von Graff opened 14 of these malformations under a lens, and, after decalcifi-

cation, cut longitudinal sections of them, but in no case did he find a myzostome or

any other encysted organism ; instead, both in the various pinnule deformities and
in the arm swellings, he found a rounded brown foreign body which was appar-

ently the cause of the deformity, though he was not able to determine anything

definitely as to its nature or origin.

The diameter of one of these spheres, from a pinnule swelling of an Antedon

bifida from Cumbrse, was 0.3 mm. Its substance was distinctly divisible into a

strongly refracting cortical layer and an opaque granular internal mass. The
former was radially divided into cell-like portions, and had quite the appearance
of cylinder epithelium both in optical section and on surface view ; there was not,

however, any sharp boundary between the outer layer and the central mass. The
whole had thus the appearance of a superficially segmented ovum.

These bodies sometimes lie in the center of the swollen segment in the cal-

careous substance, or near the integument, or even embedded in the latter. In
sections they are seen to be surrounded by a noncalcified tissue uniformly stained

by carmine. When the body lies just below the integument the tissue is con-

nected with the latter.

The sections shed no light upon the nature of the included body. In a figure

given by von Graff of one of the spheres which had a diameter of 0.26 mm. the

cortical substance appears in part roughly divided, and in the central mass also
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there are fine lines which suggest a similar division. AVhen the contents are

compressed they fall into clumps like yolk segments.
A smaller swelling contained a single body with a diameter of 0.058 mm. in

which no structure could be detected, and the distinction between cortical and

central mass was less obvious. On the other hand, in three bodies which were

contained in a larger swelling on the same pinnule, and which measured from

0.10 mm. to 0.12 mm. in diameter, the structure described was already indicated.

Since none of the stained preparations exhibited any trace of nuclei, von

Graff concluded that they could not be ova.

GENITAL CORD.

Between the three extensions of the body cavity into the arms, the dorsal canal,

and the two ventral canals, there lies, in the thickened partition, a longitudinal

cavity, the genital canal, and in this lies the genital tube, which surrounds the

genital cord. From the arms the genital tube passes into the disk, where it runs

in a cavity communicating with the other divisions of the body cavity, and forms

an irregular pentagon lying between the ventral integument and the digestive tube.

In the disk the genital canal has a lesser diameter than in the arms, measuring

only 0.02 mm., while the genital cord is 0.01 mm. thick; the latter is circular in

cross section.

Ludwig described the lumen of the genital tube as a blood vessel, but Hamann
found no evidence for this view.

The genital cord lies on the wall of the genital tube. It is composed of large

cells, which usually entirely fill the lumen of the tube. These are the primitive

germ cells from which in the pinnules arise the eggs and sperm.
The cells within the genital cord are amoeboid, and often lie so thickly together

that their borders become unrecognizable. In Ileliometra, glacialis they measure

0.08 mm. in diameter. Thej' contain prominent large circular nuclei and have a

finely granulated cytoplasm.
The nuclei of the cells of the outer epithelial layer of the genital tube lie so

closely together than the cytoplasm is almost entirely obscured. The tube wall

beneath this epithelial layer consists, according to Ludwig, of longitudinal fibers,

and at intervals there are ring-muscle fibers. Hamann also found a thin layer of

connective tissue. Within this is an epithelial lining, which extends over the

genital cord.

The genital tube is attached to the wall of the genital canal by spindle-

shaped cells.

The structure of the genital cord and of the genital tube is the same throughout
their course.

No connection between the genital cords and the axial organ has been con-

clusively demonstrated.

CEMENT SECRETING CELLS.

In addition to the mucus-secreting cells of the ambulacral epithelium Schneider

found other cells, which he described as mucus-secreting, very sparingly distributed

in the epithelium of the ventral perisome.
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These have been described in much greater detail by Keichensperger.

Reichensperger found these cells only in gravid females, in the region where
the eggs are extruded from the pinnules. He was quite unable to find them in

males, and could detect only traces of them in unripe females. They do not appear
to occur in Isocrinus nor in any of the Comasteridae.

The cement cells are almost exclusively confined to the ventral side of the

pinnules, occurring in a broad longitudinal band. In all probability they are

profoundly modified epithelial cells.

As a rule they are elongate oval, on the average 0.012 mm. long by 0.004 mm.
in greatest breadth. The nucleus, which is small and often difficult to demonstrate,
lies near the base.

The eggs of Antedon, on coming to maturity, break through the pinnule wall on
the ventral side

;
after fertilization they are held fast to the outer side of the pinnule

until the ciliated larvae have developed.
On both sides of the rents in the body epithelium through which the eggs are

extruded are numerous cement cells. As the eggs advance these cells empty almost

their entire contents on them, which, as a thick, half-solidified gummy mass, clings
to the egg case, roughened by numerous minute spinelets, and fastens the egg to the

outer pinnule wall. About the eggs can be commonly seen long threads of the

hardened secretion. This secretion must be only very slightly soluble in water, or

it must entirely harden, for after the escape of the ciliated larva a part or even all

of the egg case often remains for a considerable time on the pinnules.

GENITAL POKES OF THE MALE.

Prof. William S. Marshall has described the genital pores of the male Antedon
mediterranea. While working with a series of sections of a male pinnule he noticed

a number of pores passing almost completely through the pinnule wall, which upon
further examination were found to be present in a number of pinnules on each arm
of the two specimens examined. As many as four pores were found on a single

pinnule, they having, however, no very definite position other than being in the

neighborhood of the sacculi.

From the specimens studied he .was led to believe that these pores are present in

ripe pinnules, and that through them the spermatozoa are expelled.

At these points the genital cord grows toward, and partially through, the wall

of the pinnule. The fully developed and developing spermatozoa show a longi-
tudinal linear arrangement, which is broken wherever one of the genital pores is

developed, and at this point they pass outward to fill the pore, undoubtedly re-

maining within it until its rupture, when they are expelled into the water.

P. H. Carpenter has described the pores of the male in Pcecilometra accda and
in Pei*issometra angusticalyx. In these species the fertile part of the gonad is

short, thick, and rounded. It only extends over four or five of the enlarged and
broadened pinnule segments, and is protected by a tolerably regular pavement of

plates. At about the middle of its length one or two small conical projections rise

from it toward the ventral surface of the pinnule. Carpenter does not think that,

as a rule, there is more than one to each pinnule.

142140 21 Bull. 82 25
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SPERMATOiiENKHlS AND THE SPERMATOZOA.

Prof. George W. Field gives the following account of the spermatogenesis and

of the spermatozoa of Antedon mediterranca. For descriptive purposes he divided

the mature spermatozoan into the following parts :

fNucleus 1

> Head proper.
Head: J

Centrosome-

IMitosome I .

Middle piece.
[Cell membrane./

Tall.

The nucleus of the spermatozoa of Antedon mediterranea measures in longi-

tudinal diameter 3.3
(/.
and in transverse diameter 1.3 p.; the centrosome is 0.66

(j.
in

diameter, and the mitosome is 1.3 y..

The nuclei of the spermatogones in the outer zone, as seen in a section of the

testis, usually alone of all the cells show nucleoli.

Considering the amount of cytoplasm the nucleus is relatively large. It very
soon begins the process by which it will ultimately give rise to the spermatozoa.
It is divided by mitosis and forms the nuclei of two spermatocytes. The number
of chromosomes into which the nuclein of the spermatogone collects seems to be

from 28 to 36; in the spermatocyte, from 16 to 18. The attempt t'o count with

exactness such small and numerous bodies so closely crowded together is well nigh
fruitless.

The dividing nucleus is seen plainly to be made up of several substances, as for

example, nuclein, the caryoplasma, and another substance which has the appearance
of minute granules; these evidently form the mitotic spindle. A centrosome is

also present.

The nucleus of each spermatocyte has the same constituent parts as that of

the spermatogone. It divides by mitosis and forms the nuclei of two spermatids.
The nucleus of each spermatid contains eight or nine chromosomes and caryo-

plasma. Within the nucleus there seems to be no sign of the granules which

formed the nuclear spindle, but these granules and the centrosome are now very

distinctly seen to be in the cytoplasm. It should be noted that each of these

mitoses are reducing divisions.

With the spermatid begin those changes in the shape and constitution of the

nucleus which are connected with the specialized form of the spermatozoon. The

nucleus gradually changes from spherical to conical. There seems to be a change
in the constitution of the nucleus. The chromosomes (usually 9, sometimes 8)

can be demonstrated in the spermatids and in certain of the spermatozoa, probably
the immature ones. But in others the nucleus remains homogeneous under the

same reagents and conditions which demonstrate the chromosomes in the others.

These spermatozoa with the homogeneous nuclei are the most active, and most

frequently penetrate into the ovum. In sections of fertilized eggs the nucleus of

the spermatozoon when in the outer zone of the cytoplasm of the ovum is small,

dense and homogeneous; on the other hand, the nucleus which has traveled for

some distance toward the female pronucleus is considerably larger and shows
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eight or nine chromosomes surrounded by a lightly staining caryoplasma. Hence
it is probable either that the chromosomes in the nucleus of the spermatozoon
dissolve in the caryoplasma and form a denser homogeneous mass preparatory to

penetrating the membranes and more compacted outer cytoplasmic layer of the

ovum, or else the caryoplasma is extruded and the nucleus of the mature spermato-
zoon consists very largely or even solely of chromosomes (nuclein) closely packed

together.

There is a very considerable reduction in the size of the nucleus in changing
from that of the spermatic! to that of the spermatozoon, and correspondingly an
increase in size, with a reappearance and wider separation of the same number of

chromosomes, after the spermatozoon in the fertilization process has passed the

peripheral denser portion of the cytoplasm of the ovum. The question is, whether
this change in the nucleus is merely one of density; that is, does the nucleus of

the mature spermatozoon consist of the same quantity of nuclein and caryoplasma
but with the nuclein dissolved in the caryoplasma, or does the caryoplasma as a

liquid portion pass into the cytoplasm before the spermatozoon becomes fully

mature, and after the spermatozoon has entered the cytoplasm of the egg is the

caryoplasma restored from the cytoplasm of the egg ?

On account of the very evident alterations in size of the nucleus one is inclined

toward the latter alternative. It seems to be a pretty good case for proving that

an interchange of substance goes on between the nucleus and the cytoplasm, and
that in this instance at least the substance which passes through the nuclear mem-
brane is the caryoplasma, a liquid protoplasm. If this is the case it makes strongly
for the view that the nuclein is the essential part, for in this case most of the male

caryoplasma passes out into the cytoplasm of the male cell, and the caryoplasma
is replaced by liquid from the cytoplasm of a female cell.

In Antedon the nucleus is comparatively small
;
in the anterior surface, usually

at the very apex, there is a depression into which the centrosome fits.

Field has never seen a centrosome in the spermatogones in the outer zone

that is, next to the germinal epithelium. He first succeeded in finding it in the

dividing spermatogones. At first it seemed to be within the nuclear membrane,
but observation on this point was very difficult, and he is by no means positive in

regard to the place or manner of first appearance.
Field never saw in the spermatogone the actual division of the centrosomes,

but it is probable that it occurs preparatory to the mitotic division. With the

disappearance of the nuclear membrane the centrosomes are seen to have the usual

position at the poles of the nuclear spindle.

This spindle seems to be formed of those violet staining granules which are

present in the nucleus before the disappearance of the nuclear membrane. These

granules remain in close proximity to the chromosomes, the cytoplasm beinw

entirely free from them previous to the final division which gives rise to those

cells, the spermatids, which will become the spermatozoa.
After the division of the nucleus of the spermatocyte into the two spermatid

nuclei, and before the division of the cytoplasm has taken place, those granules
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which composed the spindle fibers are seen scattered through the cytoplasm; the

nuclei themselves, rounded up and with a nuclear membrane, are free from the

granules. In the cytoplasm also, close beside each nucleus, remains one of the

centrosomes which took part in the division of the cell.

According to Field, the probable history of the centrosomes is as follows:

The original centrosome appears first in the spermatogone and is of intranuclear

origin. Field can not say that the centrosome is not present in the spennatogones
while they are still close to the germinal epithelium, but he has never seen it

previous to the disappearance of the nucleolus, and when first seen it seems to be

within the nuclear membrane.
In the spermatogone it divides into two, which participate in the mitotic

division resulting in two spermatocytes.
With each spermatocyte nucleus there is left one centrosome, which is one-

half of the original centrosome of the spermatogone. Initiatory to the mitotic

division of the spermatocytes, this centrosome divides into two which come to lie

at the poles of the spindle. With the completion of this mitosis each spermatid
contains one centrosome. Thus from the original centrosome of the spermatogone
four centrQsomes have been derived, and each of these four centrosomes comes to

be placed at the apex of the head of a spermatozoon, and in the fecundation

process enters the ovum with the nucleus of the spermatozoon and takes part in

the subsequent fertilization.

When the nuclear membrane is formed around the nucleus of the spermatid
the centrosome is not included, but is left outside in the cytoplasm. This fact

either points to the probability that the centrosome is extranuclear in the spermato-

gone, or else that for some reason the condition in the spermatogone varies from
that in the spermatid. If the latter is true, a possible explanation for this differ-

ence may be found in the fact that with the spermatid the series of mitotic divisions

is completed, and that subsequently the constituent parts of the cell will undergo
an extreme modification.

With the formation of the tail it first begins to be possible to say which part
of the spermatid will be the anterior point of the spermatozoon. The centrosome,
which hitherto apparently has had no special position with reference to the nucleus,

now comes to lie close beside it, and usually directly opposite the point where the

tail is forming. With the diminution of the cytoplasm around the nucleus the

centrosome comes to lie in a depression in the nucleus, but remains entirely outside

of the nuclear membrane. This condition is probably brought about mechanically

by the pressure of the tightly drawn cell membrane which invests the spermatozoon,

pushing the unyielding refringent centrosome into the wall of the nucleus.

The sperm centrosome is the centrosome of the spermatid and of the previous
cell generations, and it continues in company with the nucleus of the spermatozoon
until the completion of the process of fertilization.

As soon as it has passed the denser outer layer of the cytoplasm of the egg
it draws farther away from the nucleus and the characteristic radiations appear
in the cytoplasm. It no longer directly precedes the nucleus, but comes to lie at

one side.
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The very small granules visible in the nucleus before the disappearance of

the nuclear membrane, and which later become the fibers of the mitotic spindle,

have already been referred to, as well as the fact that after the division of the

spermatocyte into the spermatids these granules, which were the mitotic spindle
of the spermatogone and spermatocyte, are no longer included within the nuclear

membrane, but are scattered through the cytoplasm. With the beginning of these

changes which mark the transformation of the spermatid into the spermatozoon
these granules gradually fuse into larger and larger bodies until they come to

form in the cytoplasm a small number (from 6 to 8) of refringent spheres.

These finally fuse into a single spherical mass the mitosome.

The mitosome apparently may at first take any position whatever in the

cytoplasm, but with the formation of the tail and the consequent diminution of

the cytoplasm in the head of the spermatozoon the mitosome soon becomes pressed

upon by the cell membrane and is gradually drawn into the place of least resist-

ance that is, between the nucleus and the beginning of the tail, its normal

position in the mature spermatozoon, where it forms the so-called
"
middle-piece.''

The tail is a round flagellum 0.2 [i to 0.3 p. in diameter, formed from the cyto-

plasm of the spermatid. Soon after the mitotic division of a spermatocyte into two

spermatids the cytoplasm of the spermatid begins to form a bulging which

increases into a large projection like an enormous blunt pseudopodium ;
the cyto-

plasm continues to push or flow into this projection, and so it becomes elongated
and flask shaped, the body of the flask consisting of a large drop of cytoplasm
which is connected with the cytoplasm proper by a narrow neck. The continued

lengthening of the tail takes place with the elongation and diminution in the

diameter of the neck, together with a diminution in the size of the drop of cyto-

plasm at the tip, as well as by a diminution of the cytoplasm which has hitherto

remained around the nucleus and the mitosome in the cell proper.
The tail then is the cytoplasm of the spermatid which has become modified

in a very special way. It is possible that its violent motions in the water are

expressions of some molecular change which the sea water brings about in the

protoplasm of the tail, for Field has noticed that spermatozoa when first removed

from the testis into sea water lie motionless. After a short time a slight motion

begins, which after a few minutes increases to the normal rapid motion.

It seems most probable that the tail is in direct continuation with the cell

membrane which surrounds the spermatozoon. The cell membrane being morpho-

logically but the external slightly changed cytoplasm, probably differs very little,

morphologically not at all, from the tail, and these two the tail and the cell

membrane probably pass insensibly into one another. The mode of development
would seem to prove this.

A delicate cell membrane surrounds the head of the spermatozoon, inclosing

the nucleus, centrosome, and mitosome. This membrane is best seen in cases where

from some mechanical cause a slight separation has taken place between the

nucleus and the mitosome, this membrane in that event being stretched but still

unbroken. It may also be seen stretching over the centrosome in cases where the
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centrosome has been crowded out of the socket in the anterior end of the nucleus.

Field regards this membrane as the original cell membrane which has persisted

from the spermatid.

GENITAL ORGANS OF ISOMBTRA VIVIPARA.

The female genital organs of Isometra vivipara have been described by Dr.

K. A. Andersson, and to Andersson's description Dr. Th. Mortensen has added a

few supplementary observations.

A cross section through a fully developed female pinnule of this species in the

region covered by the expanded third to fifth pinnulars (to which region the

development of the ovary and of the accessory structures is confined) shows two

striking peculiarities : On the distal side a deep and narrow pocket with a short and

narrow slit-like opening situated close to the ambulacral groove shows the presence

of a brooding chamber or marsupium, which is separated from the ovary by a very
thin membrane containing no calcareous deposits, and in the center of the ovary
there is a special cavity for the reception and conservation of the spermatozoa a

receptaculum seminis.

Except for a small canal occasionally narrowing to a small slit, which extends

throughout its entire length, the ovary is an almost solid structure. This canal

represents the genital tube of other crinoids, but, instead of being filled with eggs,

it contains a variable number of spermatozoa and evidently functions as a recep-

taculum seminis. It is provided with longitudinal evaginations which extend in

between the eggs, so that on a cross section it appears as an irregular or star-shaped

figure in the middle of the ovary. It reaches the outer border of the latter only in

a very limited area, where the ovarial wall is thinnest, between the ovary and the

marsupium, being here separated from the latter only by a single layer of cells.

The wall of the receptaculum seminis is composed of a single layer of cells,

which forms the germinal epithelium.

In young ovaries, or in slightly developed portions (as, for instance, the

proximal portion) of mature ovaries, some of the cells of the germinal epithelial

layer are seen to be larger than the others and to be provided with large nuclei.

These cells, which arise from the outer wall of the receptaculum seminis (repre-

senting the genital tube of other crinoids) ,
are small egg cells.

In young ovaries many of the cells in the germinal epithelium are in process

of division; between these are smaller cells, which sometimes are provided with

long processes, which are not egg cells; in fully developed ovaries these cells are

greatly in excess and the egg cells are very few.

Beyond the layer of cells just described is a thick layer of connective tissue, in

which the large eggs are embedded, and between the ovary and the genital sinus

is a thin layer of pavement epithelium. There is no genital cavity, as in Antedon,

Heliometra, Tropiometra, and the other comatulids which have been studied.

As the egg cells increase in size they migrate, not into the cavity of the genital

tube (which in this case has become the receptaculum seminis), as in other forms,

but into its wall, into which they gradually sink deeper and deeper. They never

entirely sever their connection with this cell layer.
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All the eggs, the small as well as the large, are in contact with the receptaculum
seminis through a small opening, by means of which the spermatozoa are able to

reach them.

In the mature ovary the ripe eggs occupy the major portion. In size they are

about the same as those of Antedon adriatica or A. mediterranean, being 0.3 mm.
in diameter; but an accurate statement of their size is difficult to give, for as a

result of pressure on all sides they are usually oval or irregular in shape.
The eggs are inclosed in a thin membrane and enveloped in a follicular epi-

thelium with a small opening on the spot where it adjoins the receptaculum
seminis. Andersson believes that the cells of this follicle arise from the con-

nective tissue cells immediately adjacent to the egg.

In strong contrast to most comatulids, in which a large number of eggs are

matured at one time and extruded simultaneously, the ovary of Isometra vivipara
never contains more than a few mature eggs, with others in all stages of

development.
As the eggs become ripe they are fertilized and extruded one by one into the

marsupium. Thus the marsupium contains most commonly three, and never

more than five, embryos in different stages of development. Entry into the mar-

supium appears to be by means of slits torn in the wall by the pressure of the egg.

In confirmation of Andersson, Mortensen states that the fertilization probably
occurs within the ovary. He did not succeed in finding any fertilized eggs still

lying within the ovary, but, on the other hand, he found no unfertilized eggs
within the marsupium.

GENITAL OBGANS OF KOTOCEINOS VIRILIS.

Figs. 1349-1352, pi. 55.

In Notocrinus virttis, as described by Dr. Th. Mortensen, the genital organs
lie almost wholly on the arms.

The testes are enormously developed, forming two alternating rows of con-

spicuous white bodies, closely appressed along the median line of the arm, which

appears considerably swelled. They are about 4 mm. long and look like small

beans.

On their distal side, in the angle between the pinnule and the arm, there is a

small pore, through which the spermatozoa escape.

The testes occur from P3 to P14 .

Mortensen suggests that the large size of the testes may be accounted for by
the fact that the spermatozoa have to find their way to the eggs in the marsupium

through its small opening, which involves considerable difficulty.

The ovaries, which are much smaller than the testes, about 2 mm. in length, are

similarly situated on the arms at the bases of the pinnules, but are not in contact

along the median line. They occur from P
3 to about P 12 , or a little farther out in

very large specimens. As in the case of the testes, there is no definite outer limit,

they merely diminishing gradually in size to the twelfth or fourteenth brachials,

beyond which point they may be continued in rudimentary form. They are

generally slightly concave distally, where they abut upon the marsupium.
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Mortensen believes that the eggs must break through the wall separating the

ovary from the marsupium. He could not determine definitely whether or not a

true opening exists, though in one instance this seemed to be the case.

MAHSUPICM.

In Notocrinus virilis (pi. 55, fig. 1351), according to Dr. Th. orMtensen, the

formation of the marsupium may be studied in the younger specimens.
The first stage is a fairly deep imagination of the skin, widened at the

bottom. Further development consists simply of a widening of the sack, which

ultimately covers the whole distal side of the ovary.
At first its lumen is rather narrow, but with the development of the embryos

it widens very considerably, so that it comes to occupy a considerably larger space

than the ovary.
The walls of the marsupium are at first strongly ciliated, especially in the

middle of the bottom, where the epithelium is distinctly thickened.

In the fully developed marsupium this thickening has disappeared, and the

ciliation also appears to have been lost.

The opening of the marsupium remains unaltered, a deep, narrow pore with

a thick ciliated epithelium. This pore is situated on a fairly distinct papilla,

whicli stands on a low elevation like a small mammary gland.
Since in the males the pore is not elevated, they are easily distinguished from

the females.

In Thaumatometra nutrix (figs. 1232-1237, pi. 38) the marsupium is a pocket-

like groove on either side of the genital pinnules. A section through a genital

pinnule shows the empty marsupium as a deep, narrow-sided fold, the opening being
a very narrow slit. On the pinnules which carry large pentacrinoids the mar-

supium is widely opened.
In Isomctra vivipara (fig. 1238, pi. 38), as described by Dr. K. A. Anderson,

the marsupium is always on the distal side of the ovary, from which it is separated

by a thin partition.

When fully developed it is very large and contains numerous larva? in different

developmental stages. It occupies the region supported by the third, fourth, and

fifth pinnule segments, and to accommodate it these segments are expanded distally,

the third and fourth very considerably and the fifth slightly, giving the pinnules
a very asymmetrical appearance.

The opening through which the fully developed larva; escape is slitlike, situ-

ated on the ventral side near the ambulacra! groove.
In specimens which are not sexually mature the pinnules lack the marsupium

and are symmetrically developed. As the eggs begin to grow some small invagi-

nations appear on the ventral side of the pinnules, one of which soon becomes

larger than the others and forms the rudiment of the marsupium. As the eggs
become larger this imagination increases in extent until the marsupium is fully

formed.
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SEXUAL DIFFERENTIATION.

As in the other echinoderms, differentiation of the sexes is very rare in the

crinoids, where it only occurs in those species in which the larvae undergo their

development within a brooding cavity or marsupium.
In Notocrinus virilis (figs. 1349-1352, pi. 55) the genital organs lie almost

entirely upon the arms, and the sexes are readily distinguished by an examination

of their ventral surface. In the males the enormous testes, which look like small

white beans, form two alternating closely appressed rows along the arms, while

in the females the ovaries, which are about half the size of the testes, are similarly
situated but are only half as large and are not in contact in the median line; the

marsupia when fully developed cover the entire distal side of the ovary.
In Thaumatometra nutrix (figs. 1232-1237, pi. 38), as in Notocrinus virilis,

there appears to be no sexual differentiation in the calcareous structures. The
females are readily distinguished from the males, however, by the marsupia, which
occur in the form of deep pocket-like grooves on either side indifferently of the

genital pinnules.
In Isometra vivipara (figs. 1238-1240, pi. 38) the genital pinnules of the

females have the third and fourth segments enormously expanded distally and
the fifth slightly expanded, serving as a protection for the ovaries and the mar-

supium. The genital pinnules of the males and of the immature females have the

third-sixth segments slightly and symmetrically expanded.
Besides these three comatulids, only 5 or 6 other echinoderms exhibit sexual

dimorphism.
In one or two of the spatangoids the lateral petals of the female are much

broader and deeper than those of the male and serve as brood chambers, and in

Anochanus there is a highly developed brood pouch.
One of the clypeastroids has the female with the abactinal area deeply

depressed to form a horseshoe-shaped brood chamber, which is not found in the

male.

In one of the holothurians the female has a peculiar brood chamber developed
in the dorsal integument.

In one of the ophiurans the male has five arms, while the female has from
six to eight.

None of the asteroids are known to exhibit sexual dimorphism.
All of the sexually dimorphic echinoderms are from the antarctic or sub-

antarctic seas except Anochanus, which was described from China.

SPAWNING SEASON.

COMATELLA NTGRA.

A specimen of this species taken near Jolo (Sum), Philippine Islands, on

February 14, 1908, has the eggs apparently ready for extrusion.

COMISSIA SPANOSCHISTUM.

According to Dr. H. L. Clark, specimens of this species with the genital

pinnules immensely swollen with the reproductive cells were taken in March and

April, 1914, by the Australian fisheries steamer Endeavour.
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In his description Doctor Clark confused this species with Comanthus

tasmanue, and it is not quite clear whether the latter was also found breeding at

that time or not.

COMI8SIA L1TTORALI8.

Anchorage off the Kawio and Kamboling Islands, Karkarolong group: On

July 22-23, 1899, the Siboga dredged a specimen of this species in 23-31 meters

which had seven young pentacrinoids attached to the cirri.

COMACTI.NIA MERIDIOXALIS.

Yucatan : On January 30, 1885, the Albatross dredged in 21 fathoms off

Yucatan numerous small specimens of this species which bore, attached to the

cirri, a very large number of pentacrinoids of all ages from the prebrachial

stage onward.

COMANTHUS JAPOXICA.

Professor Ijima wrote, in a letter to Mr. Frank Springer, that this species

attains sexual maturity at about the same time as Tropiometra tnacrod'iscus

that is to say, in September.
Since the summer of 1917 Mr. Furusawa has endeavored, under his direction,

to secure the larvae and pentacrinoids of this form, but so far without result, al-

though the gonads seemed to be ripe, or nearly so.

Experiments in artificial fertilization with artificially liberated sexual products
all failed.

A number of living individuals were kept in a pond and examined from time

to time. On October 1 there occurred a violent typhoon, and since that day not a

single individual with ripe sexual products has been found, either among those in

captivity or among those freshly taken from the sea. It is certain that the typhoon
caused the discharge of the sexual products.

A year later, on February 25, 1919, Professor Ijima wrote to Mr. Springer
that scores of Comanthus japonica had been kept alive at the Misaki Marine Sta-

tion and continually watched to determine the spawning season, old individuals

being from time to time replaced by animals freshly caught. It was found that

they lived best in a boat-shaped live car containing seaweed and bamboo twigs for

the larvae to fix upon, moored in the open water in front of the laboratory.

During August many females were found with their pinnules swollen and

containing nearly full-grown ova, but no ripe males were found.

On October 14 Mr. K. Aoka, the collector at the station, discovered for the

first time some fully mature examples. Artificial fertilization was at once resorted

to. On October 15 Mr. Aoki reported finding larvae inclosed in the vitelline

membrane
;
on the 16th they escaped from the membrane and began to swim about ;

on the 17th they all attached themselves to the sides of the jars. On the 27th they
were dying off rapidly, although the water had been changed every day, and

apparently all development had ceased. A fresh supply of adult animals were

obtained, but these were found to be no longer ripe.
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It appears, therefore, that sexual maturity is reached at about the middle of

October, and that the discharge of the sexual products takes place very quickly.
In the case of Tropiometra macrodiscus Mr. Aoki found that the period of

sexual maturity had passed at the end of October.

COMANTHUS ANSTOLATA.

Dr. L. E. Griffin reports that in a specimen of this species captured at Port

Galera, Mindoro, Philippines, on May 20. 1912, spermatozoa were being given off

from near the base of the pinnules.

CATO1TOMETRA OPHIURA.

In a specimen dredged in North Balabac Strait, Philippine Islands, at a depth
of 58 fathoms, on January 5, 1909, the ovaries contained well-developed eggs.

AMPHIMETRA SPF.CTABILIS.

The ovaries of a specimen taken in Limborres Cove, Manila Bay, Philippine
Islands, on February 8, 1909, contained well-developed eggs.

AMPHIMETRA PARIL1S.

Eggs of considerable size were found in the ovaries of a specimen dredged
near Siasi, in the Sulu (Jolo) Archipelago. Philippine Islands, at a depth of 21

fathoms, on February 16, 1908.

CENOMETRA DELICATA.

A specimen dredged in the Gulf of Davao, Philippine Islands, in 23 fathoms,
on May 18, 1908, has eggs of considerable size in the ovaries.

TROPIOJIETRA MACRODISCUS.

Mr. Furusawa, under the direction of Professor Ijima, prepared a large series

of the embryos of this species for Mr. Frank Springer.

The mother animal from which these embryos were obtained discharged the

eggs on September 10, 1917.

TROPIOMETRA PICTA.

Doctor Mortensen found this species spawning at Tobago during his visit to

the island, from March 23 to April 23, 1916.

CALYPTOMETKA LATERALIS.

A specimen dredged near Niihau, Hawaiian Islands, at a depth of 319-451

fathoms, on August 12, 1902, had eggs of considerable size in the ovaries.

ANTEDON BIFIDA.

Orkneys: Busch first found larvae in the Orkneys in the last days of July.

Arran, Scotland: Sir Wyville Thomson says that on the island of Arran the

spawning season commences at the end of May or the beginning of June.
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Millport on the Clyde : Dendy found that at Millport on the Clyde the height
of the breeding season appeared to be in July.

Southern Ireland: According to J. V. Thompson the eggs are found on the

Irish coast first in July.
ANTEDON MEDITERRANEA.

Naples: Gotte gives March as the spawning season. Schmidtlein says that

this species breeds in the spring.

Lo Bianco states that this species reproduces throughout the entire year, and

that the months in which individuals with eggs and larvae are met with in greatest

abundance are November, December, February, and April.
Villafranca : According to Barrois the breeding season is April. He also

states that the first breeding period can be followed by a second and even a third,

an assertion partially confirmed by Seeliger's observations on Antedon adriatica.

Toulon : The breeding season is April, according to Barrois, as at Villafranca.

ANTEDON ADRIATICA.

Trieste : At Trieste Seeliger found that the chief spawning period commenced

in the last days of May and continued until he left at the end of June. At all

times it was easy to find a number of individuals with embryos, and toward the

end of his visit he found females which had undoubtedly liberated larvae.

The first sexually mature individual he found on April 25 a female which

bore on the pinnules a few embryos, proving on closer examination to be gastrula?.

It may be that there is more than one breeding period at Trieste, for Seeliger

often found embryo-bearing females with nearly ripe eggs in the ovaries.

COMPSOMETRA LOVENT.

Whitelegge states that at Port Jackson, New South Wales, the pentacrinoids of

this species are often found attached to seaweeds in August and September.

COCCOMETRA NIOROLINEATA.

The ovaries of a specimen taken off Habana, Cuba, in January, 1885, contained

eggs apparently ready for extrusion.

COCCOMETRA HAGENII.

Eggs apparently ready for extrusion were found in the ovaries of a specimen

dredged near Key West, Florida, in 122 fathoms, on February 26, 1902.

PSATIITROMETRA FRAGILIS.

In a specimen of this species dredged in Yezo Strait, northern Japan, in

300 533 fathoms, on September 30, 1906, the ovaries contained eggs apparently

ready for extrusion.

LEPTOMETRA PHALANGIUM.

Lo Bianco states that at Naples mature eggs are found on the pinnules of

this species in January, and that young occur on the cirri of the adults in June
and September.
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HATHROMETRA 8ARSII.

Professor Sars gives the period of sexual maturity in the Lofoten Islands as

June. He found the youngest prebrachial stage at the beginning of July.

PENTAMETROCRINU8 TUBERCULATUS.

The ovaries of a specimen dredged off southern Japan on October 13, 1896,

in 169 fathoms, contained well-developed eggs.

PEXTAMETROCRINUS JAPONICUS.

Well-developed eggs \vere found in the ovaries of a specimen dredged off

southern Japan on August 23, 1906.

PENTAMETROCRINTI8 VARIANS.

Eggs apparently of full size were found in the ovaries of specimens dredged
off southern Japan between August 13 and October 20, 1906.

The species which have been found spawning in the different months are

as follows:

January: Comactinia meridional^, Gatoptometra ophiura, Antedon mediter-

ranea, Coccometra nigrolineata, Leptoinetra phalangium.

February : Comatella nigra, Amphimetra spectabUis, Amphimetra parilis,
*Antedon mediterranean, Coccometra hagenii.

March: Comissa spanoschistum, Tropiometra picta, Antedon mediterranea.

April: Comissia spanoschistum, Tropiometra picta,
*Antedon mediterranea.

May : Cenometra delicata, Antedon bifida, Antedon mediterranea. Antedon

adriatica.

June : Antedon bifida, Antedon mediterranea, Antedon adriatica, Hathrometra

sarsii.

July: Comissia Jittoralis, Antedon bifida, Antedon mediterranea.

August : Calyptometra lateralis, Antedon mediterranea, Compsometra loveni,

Pentametrocrinus japonicus, Pentametrocrinus varians.

September : Comanthus japonica, Tropiometra macrodiscus, Antedon mediter-

ranea, Compsometra loveni, Psathyrometra fragilis, Pentametrocrinus varians.

October: Comanthus japonica, Antedon mediterranea, Pentametrocrinus tuber-

culatus, Pentametrocrinus varians.

November: *Antedon mediterranea.

December :

*Antedon mediterranea.

In the case of Antedon mediterranea the asterisk (*) indicates the months in

which the greatest number of egg-bearing females are found.

In regard to two species, Antedon bifda and Hathrometra sarsii, there seems

to be a definite breeding season in the late spring and early summer, from May to

July. Both these species live in the northeastern Atlantic, on coasts where the

water undergoes considerable seasonal change in temperature and in plankton

content, and the definiteness of the spawning period is probably connected with

this seasonal change.
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It may be that the spawning season of Compsometra loveni, of southeastern

Australia, is circumscribed in the same way.
But for the remaining species, other than Antedon mediterranea, we have no

data upon which to base deductions of any kind; judging from the known condi-

tions in Antedon mediterranea and in Leptometra phalangium we might suggest
that probably comatulids spawn individually throughout the year, breeding ex-

amples being rather more common at certain times, dependent upon local causes

as well as upon seasonal changes, than at others.

COPULATION.

Jickeli described what he believed to be a case of copulation in Antedon medi-

terranea, but no other investigator has confirmed his observations, which appear
to have been based upon close association of the animals as a result of lack of

oxygen or some other unfavorable condition.

More recently both K. A. Andersson and Th. Mortensen have assumed the

occurrence of copulation in Isometra vivipara to account for the otherwise ap-

parently inexplicable transfer of the sperm from the male to the receptaculum
seminis of the female.

PASSAGE OF THE SPERMATOZOA INTO THE RECEPTACULUM SEMINIS IN ISOMETRA VIVIPARA.

In Isometra vivipara the spermatozoa apparently first enter the marsupium,
thence passing through the very thin wall between the marsupium and the recep-
taculum seminis, for in several cases Andersson found spermatozoa not only in the

dorsal portion of the marsupium, but also in small interstices in the connective tissue

of the wall itself, evidently on their way to the receptaculum seminis.

It is easy to see, therefore, why the receptaculum seminis extends to the outer

border of the ovary and is separated from the marsupium by only a thin layer of

cells composed of the ovarial wall and the adjacent wall of the marsupium, here

completely fused into a thin partition.

DEVELOPMENT OF THE EGOS.

So far as we know it is normally only within the pinnules of the crinoids that

the sexual products come to maturity, though our information is not as yet suffi-

cient to enable us to speak with absolute certainty.

The fertile intrapinnular portions of the genital cords vary considerably in

shape; in such types as Poecilometra, Strotometra. and the genera of the Penta-

metrocrinidse they are short, thick, and rounded; they sometimes terminate in

rounded ends, and are sometimes continued as slender cords through two or three

pinnulars. In Heliometra and other genera they are long, fusiform, and relatively

inconspicuous. Both the short rounded type and the long fusiform type occur in

the genus Antedon.

Professor Semper found that the ovaries of Comanthus parvicirra are not

attached to the genital cord by their ends in the usual way. A backward process
is given off at the point where the short branch of the sterile genital cord expands
into the fertile portion, lying within the ventral perisome of the arm on the

142140 21 Bull. 82 26
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proximal side of the pinnule attachment. This is as fertile as the rest of the cord

within the pinnule, so that the whole structure appears to be attached to the genital

cord at some little distance from its end. It descends into the arm almost to the

brachial genital cord, the lateral branches of which are quite short. Thus in most

sections of the arms an ovary is to be seen on either side of the central genital cord.

P. H. Carpenter, quoting Semper's observation, notes that the same condition

occurs in Comanthina schlegelii, and from an examination of the ventral perisome
of the arms suspects that it is tolerably common in the larger tropical comatulids.

In one specimen of Antedon bifida Carpenter found a small but well-developed

ovary occupying the position of the genital cord beneath the left posterior am-

bulacrum of the disk. The first traces of it appeared in the sections which pass

through the hinder part of the spongy organ, and it extends outward to the point
where the primary ambulacral groove divides into the two which proceed to the

arms. It contained the nuclei of half a dozen ova in various stages of develop-

ment, some with a germinal spot and some without.

Carpenter found a still larger and more fully developed ovary in the disk of

one of the three specimens of Neocomatella pulcheUa which he sectioned. It com-

menced close to the peristome and extended outward beneath the left anterior

ambulacrum nearly to its bifurcation, lying close down upon the upper surface of

the digestive tube and molded to the plications of its wall.

In Tropiometra picta Carpenter met with detached portions of ovaries con-

taining more or less fully developed ova in various parts of the body cavity, in

the spaces of the connective tissue network forming the lip. in the intervisceral

portion of the body cavity between the two parts of the coiled digestive tube, and

in the subtentacular canals between the genital plexus and the water vessels.

In some sections through the arm of an unknown species belonging to the

Pentacrinitidse, which had been cut for Sir Wyville Thomson, Carpenter found

an ovary occupying the position where the undeveloped genital cord is normally
found. He himself cut sections of the arms of all the more common species of

that family, but in none of them found any trace of such a condition.

Sperry found in sections through the division series of Metacrinus rotundus

a well-developed functional ovary in the IIIBr series, which occupied a large part

of the ventral side of the arm. The genital cord remained distinct nearly all the

way, merging in but one spot into the ovary and soon reappearing to give off

a branch to the succeeding pinnule. The branches of the genital cord running into

the pinnules were much larger than the main strand.

In sections through the calyx of another specimen of Metacrinus rotundus

Sperry found a small ovary lying in the body cavity surrounded by loose connective

tissue.

In Holopus Carpenter found ovaries in the lower part of the arms.

In the sexually mature comatulid the primitive germ cells of the genital

cord in the pinnules have by their development expanded the genital tube to such

an extraordinary extent that it usually entirely fills the genital canal. On the

periphery of the nearly solid mass filling the genital tube lie the developing eggs,

while the ripe eggs lie in the center. At a later stage the contents of the genital
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tube are entirely solid, consisting of large egg cells which show germinal vesicles.

Here and there on the periphery lie small, younger egg cells, while undeveloped

cells, possibly primitive germ cells which have failed to mature, lie between them.

An outer epithelium composed of flattened cells which ensheathes the entire

solid cylindrical ovarial structure can always be made out.

GROWTH UP THE OOCYTE.

Prof. Gilbert C. Chubb has made a detailed study of the growth of the

oocyte in Antedon Mfida, his material having been obtained at Plymouth, England.
The following account is taken from his memoir on the subject published in 1906 :

In the maturing ovary the growing oocytes form a more or less solid mass

of cells between which oogonia are still present in considerable numbers. The

only constant feature in the arrangement of the germ cells consists in the in-

variably peripheral position of the still growing oocyte. As there is no germinal

epithelium, the new generations of oocytes being derived from the scattered oogonia,
there must either be an active peripheral migration of the oocyte prior to the

commencement of its growth, or else only those oocytes which happen already
to possess this position ever commence the latter process. The fact that this

position should be maintained during the "growth
"

period of the egg, and that

it should be frequently lost while yolk formation is still in progress, is of great
interest in connection with the question of the relation of yolk formation

;
that is,

the actual appearance of the definitive yolk spherules, to the general cell metabo-

lism. In the more mature individuals the scattered oogonia are only rarely found

in mitosis, while in the mature pinnules these abortive oogonia have undergone
considerable degenerative changes.

When freely floating the oogonia are amoeboid in form, but when closely

packed their outline is not always distinguishable. The nucleus is approximately

spherical and measures from 3
[i

to o
JJL

in diameter. There is a well-marked nuclear

membrane, and the chromatin is in the form of irregular and deeply staining
masses at the nodal points of a clearly defined linin reticulum. In many nuclei

the meshes of this reticulum are so large that the greater part of the chromatin

forms a series of peripheral masses on the nuclear membrane, while the remainder

is massed around the nucleolus, the linin being reduced to a few strands radiating
out from the surface of the nucleolus to the peripherally placed chromatin masses.

There is a single nucleolus ranging from IJJL to nearly 2\>. in size and apparently

always peripheral in position. It appears as a pale brown or yellow perfectly

regular and sharply defined spherule surrounded by the deeply staining chromatin.

In some cases, especially in the very immature pinnules, there are not only two

nucleoli, but the nucleus itself is distinctly double.

In the dividing oogonia the nucleus measures 5
p. to 6 y. and the cell body 7 JA to

8 pi, thus showing a considerable increase in size over that of the resting oogonia.
A split spireme thread is formed, and this enters a synapsis stage, becoming
aggregated around the nucleolus on one side of the nucleus. During this process
the thread shortens and thickens, so that the longitudinal split usually entirely dis-
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appears, but the thread character of the chromatin is always evident. In the reso-

lution of the synapsis the nucleolus is seen to be still present, of normal size,

deeply stained, and sharply spherical, while the chromatin appears to radiate out

from it onto the nuclear membrane in the form of (apparently) eight deeply
stained and homogeneous strands. The latter lose their apparent connection with
the nucleolus and, without further segmentation, give rise to the (apparently)

eight U-shaped chromosomes which leave the nuclear membrane and aggregate

together in the center of the nucleus to form the equatorial plate. From this stage
onward it is not possible to detect the nucleolus, nor is there any trace of this

structure in the completed spindle.
In spite of the large number of oogonia found in active mitosis, Professor

Chubb never saw the anaphase stages of these oogonial divisions, and he was
therefore unable to trace the actual formation of the oocyte.

In what appears, however, to be the stage immediately succeeding the com-

pletion of the last oogonial division, the young oocyte possesses a distinct nuclear

membrane inclosing a spherical mass measuring 5
y. in diameter in the center of

which the nucleolus is suspended by a faintly stained linin reticulum. The nucle-

olus measures 1.25 p in diameter and is, after most fixing reagents, deeply stained :

as in the oogonia, it is surrounded by a layer of chromatin. In the oocyte, however,

though the whole of the chromatin present is massed around the nucleolus, it forms
a layer too thin to affect appreciably the spherical form of the latter.

The absence of anaphase stages has made it impossible to determine the part
taken by the massive chromosomes of the oogonium in the formation of the nucleus

of the oocyte, and therefore also the mode of origin of the nucleolus. But having
regard to the behavior of the nucleolus in the oogonium the rarity with which
it is seen during the formation of the equatorial plate and its invariable absence

in the completed spindle it seems fairly certain that this structure arises in the

oocyte as a new formation is not genetically related to that of the oogonium.
The invariably central position of the rapidly growing nucleolus of the young

oocyte conclusively shows that the peripheral position of this structure in the rela-

tively quiescent oogonium can not have any significance as denoting an extranuclear

origin for this structure.

The young oocyte grows rapidly, and with the growth of the cell body there

is a corresponding growth of the nucleus and nucleolus. Early in this process
the nuclear reticulum, at first faintly stained, commences to stain more deeply.
This increase in the staining capacity of the nuclear reticulum proceeds from the

nucleolus outward, and though the nuclear reticulum can, with suitable illumina-

tion, be seen really to extend from the nucleolus out to the nuclear membrane,
the process gives it the appearance of consisting of longer or shorter, more or

less deeply staining threads, radiating out from the surface of the nucleolus.

Sooner or later the basophile reaction has extended over the whole of the nuclear

reticulum. Soon after this the strands lose their connection with the surface of

the nucleolus and with the nuclear membrane and become irregularly scattered

over the nucleus, an arrangement which is maintained throughout the remaining
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history of the oocyte, the irregularly scattered chromatin strands showing no

further spatial relation either to the nucleolus or to the nuclear membrane.

As the chromatin threads lose their radial arrangement they become more

deeply stained and sharply denned, and now for the first time bear distinct, though
as yet small, deeply stained spherules. Often the strands appear to be composed

solely of these minute spherules. Sometimes, however, appearances suggest that

the latter are really arranged on a fine, deeply stained, and apparently homogeneous
axial thread the zigzag and branched character of which gives to the chromatin

strands a "
mossy

" or "
filagree

"
appearance. During the period preceding the

commencement of yolk formation, and thus during the progressive increase in the

basophile reaction of the cytoplasm, the chromatin is always relatively small in

quantity and is often very faintly stained. As yolk formation progresses, however,
both the quantity and the staining capacity of the chromatin greatly increase, and

at the same time the spherules on the chromatin threads grow in size until, in the

adult egg, they may equal the spherules of the yolk.

The staining capacity of these chromatin spherules and the size they ulti-

mately attain varies considerably in different individuals and is also to some extent

dependent on the mode of fixation, and in material fixed solely with sublimate

solution there is no trace of either chromatin or chromatin spherules. On the com-

pletion of yolk formation the condition of the chromatin remains unchanged as

long as the egg remains in the pinnule.

In the younger oocytes the nucleolus, which is at this stage invariably central

in position, is homogeneous in appearance and, after most fixing reagents, deeply

basophile. As growth proceeds, however, this uniform staining reaction is lost,

the nucleolus showing a tendency to part with the basic stain during extraction.

This destaining is always from within outward and may, with moderate extraction,

be so extensive as to include the whole nucleolus. Usually, however, there is a

considerable cortical region which tenaciously retains the basic stain. The readi-

ness with which this destaining takes place is mainly determined by the condition

of the nucleolus itself at the moment of fixation and is independent of the age

of the egg ; eggs of the same age and in the same ovary differ greatly in this respect.

The more faintly staining internal region of the nucleolus is never spherical

in form, and its size, though mainly due to the condition of the nucleolus itself, is

partly determined by the extent of extraction the slide has undergone; more-

over, its contents are distinctly acidophile, far more so than is the caryolymph. It

is evident, therefore, that the faintly staining area of the nucleolus is not of the

nature of a vacuole.

True vacuoles, spherical in form and with clear, unstained contents, do, how-

ever, occur in the nucleolus. Their occurrence, like that of the destained area, is

quite inconstant, for they are sometimes present, sometimes absent, at all stages of

the egg's growth, though they are far more rarely met with in the earlier than in

later stages. They are always much smaller than the faintly staining area, and

although they may be present throughout the whole body of the nucleolus when

this is deeply basophile, they are almost or entirely confined to the periphery when

a considerable destained area is present.



MONOGRAPH OF THE EXISTING CRINOIDS. 381

The nucleolar vacuoles, even when they reach a considerable size, never cause

the slightest projection on the surface of the nucleolus, nor has Professor Chubb
ever seen any other indication that they discharge their contents to the exterior.

The appearance of the faintly staining region, on the other hand, is frequently
such as to suggest that a discharge from it into the caryolymph is taking place.

Thus, wherever the faintly staining area comes to the surface it causes a slight but

distinct projection. In no case, however, do appearances ever suggest that the

acidophile substance of the faintly staining area is itself discharged.
In the adult egg an extensive faintly staining area is always present, and its

form and position almost invariably suggest that a discharge is taking place from
it a suggestion which is greatly intensified by the almost invariable presence
in the caryolymph of deeply stained spherules so placed as to appear as if recently

discharged as a stream from that region of the nucleolar surface to which the

faintly staining area most closely approaches. Occasionally the faintly staining
area approaches the surface of the nucleolus at more than one point ;

in such cases

it is common to find spherules in the caryolymph in relation to each such point.
It is only rarely that such spherules are found in the nucleus which do not show
this spatial relation to the nucleous; and when such spherules do occur they are

always more or less isolated in position and few in number.

The mode of origin of these spherules as a discharge from the faintly staining
area of the nucleolus, which their arrangement irresistibly suggests, is still further

indicated by the appearance presented by the nuclei figured by Professor Chubb.

In each of these a spherule, similar to those in the caryolymph, is seen in the center,

not of the destained area, but of one of the vacuoles in the cortical region. Another

figure shows a deeply basophile spherule identical with those in the caryolymph
immediately outside the faintly staining area of the nucleolus, but lying in a vacuole

within the substance of the cortical region and, by reason of its intensely basophile

character, standing in striking contrast to it.

These spherules, like the substance of the nucleolus itself, are equally well

fixed with all reagents and, like, the cortical substance of the nucleolus, are nearly

always deeply stained. Their staining reactions, however, do not exactly corre-

spond with those of the cortical substance, for when, as frequently happens in the

older eggs after Hermann fixation, the cortical substance of the nucleolus is de-

stained to a faint brown, the discharged spherules in the same egg are usually

deeply basophile. In size these nucleolar spherules often equal the peripheral

spherules, with which they also agree in showing a much greater range of variation

than do the yolk spheres proper.

Similar spherules, presenting the appearance of having been recently discharged
from the nucleolus, are also occasionally, though much more rarely, to be found in

the growing oocyte.

The fact that this appearance of a discharge of spherules from the nucleolus

should be so rarely seen in the growing oocyte admits of very simple explanation.
In the growing egg the intermittent discharges must be separated from one another

by a considerable interval, while the time occupied by the actual discharge must be

very brief. The chances, therefore, against the moment of discharge coinciding
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with that of fixation are very great. In the adult egg, on the other hand, the great

frequency with which the discharge is seen can not be explained as due to its more

frequent occurrence, for this would indicate a degree of activity, on the part of the

nucleolus at this stage for which there is no particle of evidence
;
the completion of

yolk formation is accompanied by the complete cessation of all nucleolar activity

and growth, the nucleolus remaining of the same size and retaining the same ap-

pearance as long as the egg remains in the pinnule.
Professor Chubb states that there appear to him to be only two possible

explanations : Either the discharge so frequently seen in the adult egg represents
the last which occurred during the waning activity of the nucleolus, and which

has since remained unchanged, or, and he thinks this the more probable explanation,
the discharge in the adult egg is caused by the contraction of the nucleolus at the

moment of fixation, the activity of the nucleolus during the closing period of the

egg's growth being insufficient to provide the necessary pressure for a normal

discharge of the gradually accumulating material. He has, however, never seen

the appearance of a discharge of spherules from the nucleolus of the still growing
oocyte after yolk formation has commenced, and he is unable to do more than to

suggest that this restriction of the contracting influence of the fixing reagent to

the nucleolus of the adult egg may be due to a change in the physical properties
of the cortical layers of the nucleolus after the activity of the latter structure has

ceased.

The occurrence of discharged nucleolar spherules in the young oocyte long
before there is any obvious indication of the formation of spherules on the chro-

matin threads, their almost invariable spatial relation to the destained area of the

nucleolus, and their uniform behavior, irrespective of the nature of the fixing

reagent, distinguish these spherules sufficiently clearly from those on the chromatin

threads. The fact that the nucleolar spherules are less frequently met with in

later than in earlier stages indicates that they do not accumulate as such within

the nucleus. Equally certain is it that they do not dissolve in the caryolymph,
for there is never, at any period, any trace of nucleolar spherules in course of

dissolution in the nucleus, although if such a process occurred it would necessarily

occupy some time. There remains, therefore, as the only possible fate for the

discharged nucleolar spherules, an immediate passage to the cytoplasm.
In addition to the persistence in the caryolymph of the last nucleolar discharge,

the completion of yolk formation is marked by another phenomenon in connection

with the nucleolus, namely, the gradual formation, on the surface of this structure,
of one or more lens-shaped accumulations.

As its first appearance this accumulation is extremely thin, tapering away
imperceptibly at its edge on the nucleolar surface. It gradually increases in size,

becoming more and more hemispherical as it does so, until it may equal more than

one-third the total bulk of the nucleolus. Its staining affinity generally resembles

that of the destained area of the nucleolus, being usually weakly basophile but

showing considerable affinity for the acid stain. The substance of the accumulation
is always homogeneous in its staining reactions; it never shows a destained area,
and it is never vacuolated. The absence of any connection between nucleolar
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activity and the formation of the accumulation is indicated by the complete absence

of any spatial relation between this structure and either the discharged spherules in

the nucleus or the destained area within the nucleolus. Moreover, the simultaneous

appearance of the accumulation and completion of yolk formation is also accom-

panied by a complete cessation of the growth of the nucleolus, a growth which,

as already noted, shows at earlier stages a remarkably constant relation to that

of the egg. The inactivity of the nucleolus during the formation of the accumu-

lation is further shown by the fact that nucleoli with a large amount of this

accumulated material on their surface and, therefore, presumably fixed some con-

siderable time after the completion of yolk formation, do not appear to possess
less of the basophile cortical substance than do those in which the accumulation

is absent.

The approximately spherical form of the nucleolus and its steady growth,

irrespective of the facility with which it parts with the basic stain, indicate that

the whole of the nucleolus is formed of a ground substance continuous alike

through the basophile and acidophile regions. The fact that the occasional depar-
tures from the spherical form are invariably produced by that portion of the

nucleolar surface in contact with the destained area, together with the fact that

it is from this region the nucleolar discharge invariably takes place, indicate that

the capacity for tenaciously retaining the basic stain is accompanied by a con-

siderably firmer consistency of this portion of the nucleolar substance. As the

loss of this reaction proceeds from within outward the outermost layers of the

deeply basophile cortex must possess a considerably firmer consistency than those

lying further inward. This condition readily explains the entire absence of any
indication of a discharge taking place directly to the exterior from the vacuoles

in the cortical region, however peripherally they may be placed, and lends support
to the assumption that the vacuoles discharge instead into the more fluid substance

of the faintly staining area, an assumption which is still further suggested by the

periodical discharge taking place from the latter.

The products of the activity of the nucleolus, the formation of which is accom-

panied by the appearance of vacuoles in the basophile region and the loss of this

basophile reaction, accumulate, therefore, within the nucleolus, the internal pressure
of which at the same time steadily increases. When this internal pressure reaches

a certain point the firmer cortex of the nucleolus is ruptured at the point of least

resistance that is, at that point on its surface to which the more fluid faintly

staining area happens to approach most closely. When this rupture of the cortex

occurs the accumulated products of nucleolar activity, partly in the form of a clear

fluid, partly as basophile spherules, are discharged from all parts of the nucleolus

through the less resisting, more faintly staining, internal region to the exterior.

The accumulation of products of nucleolar activity which must be present
within the nucleolus prior to its discharge is not very evident. The fluid portion is

probably contained within the frequently numerous vacuoles in the cortical region
of the nucleolus. Only rarely, however, are spherules similar to those discharged
to be seen within the nucleolus. This is to be expected, for the spherular form of

the discharged material is as much due to the fluid character of the surrounding
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caryolymph as to the physical consistency of the discharged material itself, and

when this is formed within the nucleolus it is surrounded by the relatively firm

nucleolar substance and does not, therefore, assume the spherular form. In all

those rare cases in which Professor Chubb saw spherules within the nucleolus

similar to those outside they were each contained within a vacuole and were, there-

fore, here also surrounded by a fluid medium.
In the great majority of cases we should expect the basophile substance result-

ing from the nucleolar activity to form an irregular zone on the inner side of the

as yet unaltered cortical region, between this and the faintly staining area, and

only to assume a spherular form as it is discharged into the more fluid caryolymph.
There is some evidence to show that this is the actual mode of accumulation of the

substance of the future spherules.

The extent of the faintly staining area shows no gradual increase in size with

the growth of the egg, eggs of the same age and in the same pinnule possessing
nucleoli sometimes deeply stained and sometimes greatly destained, even in the

same section. On the other hand, the growth in bulk of the nucleolus does proceed

perfectly steadily, and shows a striking correlation with the growth of the egg. It

is evident, therefore, that while the faintly staining ground substance of the

nucleolus steadily increases in bulk, the amount of basophile substance present in

the nucleolus fluctuates greatly, sometimes gaining, sometimes losing, on the

nucleolar activity.

Since it is only in the earlier stages of its growth that the nucleolus shows any
spatial relation to the chromatin, and only very exceptionally at any period shows

any relation to the nuclear membrane, it follows that the caryolymph must be the

immediate source for both these nucleolar substances.

This source for the basophile substance is very clearly indicated by the ap-

pearance often seen in material in which the nucleolus readily parts with the basic

stain, the faintly stained nucleolus being studded all over with minute basophile

areas, each flush with the nucleolar surface external ly, and projecting irregularly
into the faintly stained ground substance of the nucleolus internally. This ap-

pearance would seem to suggest that the basophile substance enters the nucleolus

by diffusion through the nucleolar surface. Osmotic diffusion through the surface

layers of the nucleolus is also suggested by the mechanism of discharge already
described.

The caryolymph as the immediate source for the ground substance of the

nucleolus is convincingly shown by the formation of the nucleolar accumulation on
the completion of yolk formation, for, as we have seen, this accumulation not only

strongly resembles the faintly staining area of the nucleolus in its staining reac-

tions, but its formation synchronizes with the cessation of growth on the part of

the nucleolus. It is impossible, therefore, to avoid the conclusion that this accumu-
lation represents material to which the steady increase in size of the nucleolus was

formerly due, and which, now that the nucleolar activity has ceased, can no longer
be incorporated in the body of the nucleolus.

According to Professor Chubb the formation of the nucleolar accumulations
on the cessation of nucleolar activity would seem to suggest that, in so far as this
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nucleolar constituent is concerned, the mode of growth is by passive deposition

rather than by osmotic diffusion.

There are two points concerning the young nucleolus to which attention may be

directed: The first concerns its position. In the resting oogonium the nucleolus

appears to be always peripheral in position, whereas in the actively growing oocyte

it is for some time invariably central a fact which scarcely points to the peripheral

position of the nucleolus as denoting a cytoplasmic origin for this structure.

The second point concerns the close relation which the young nucleolus in-

variably shows to the chromatin. Both the peripherally placed nucleolus of the

resting oogonia and the centrally placed nucleolus of the actively growing oocyte

are surrounded by a portion at least of the chromatin.. In the oogonium this rela-

tion is maintained until preparation for mitosis leads to the withdrawal of the

perinuclear chromatin. In the young oocyte the gradual subdivision and more

equal distribution of the chromatin which accompanies the increasing metabolism

of the growing cell more speedily leads to the same result. The fact that in the

young oocyte, at a stage which can be but very little removed from the anaphase

stages of the preceding oogonial division, there should already be a relatively large

nucleolus surrounded by a thin layer representing the whole of the chromatin of

the cell emphasizes the importance of this relation between the nucleolus and the

chromatin. It is evident, however, that though this arrangement may facilitate, it

can not be essential to, the formation of the nucleolar substance, for in the growing

oocyte the nucleolus more than trebles its diameter after it has lost all direct rela-

tion with the chromatin.

On the other hand, the later behavior of the nucleolus in the oocyte of

Antedon offers considerable evidence of a highly suggestive character relative

to the significance of this structure in the cell metabolism. One of the most

striking morphological features which the nucleolus invariably presents is its

spherical, or approximately spherical, form a form in which the minimum
surface area is associated with maximum bulk. In this respect the nucleolus

offers an instructive contrast to the chromatin, where it is an obvious endeavor

to assume a form with as great a superficial area as possible. It is impossible not

to conclude that this difference between the nucleolus and chromatin indicates the

nature of the difference in their physiological significance; that while the chromatin

is active, and probably selectively so, taking what it requires from the caryolymph,
the nucleolus, at least in so far as getting fresh material is concerned, is passive,

the nucleolar constituents being deposited on, or diffusing through, its surface

without any effort on the part of the nucleolus itself. It has already been seen

that the further changes which the nucleolar substance undergo take place most

actively within the interior of the nucleolus and give no indication that a reaction

between the nucleolar substance and the caryolymph is essential to the process.

Although the immediate source for both the nucleolar constituents must be

the caryolymph, yet their very different behavior when nucleolar activity ceases

would seem to indicate their derivation from distinct ultimate sources. There

are three possible sources for these nucleolar constituents, namely, the chromatin.
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the cytoplasm, and the nutritive plasma of the parent organism by which the

egg is bathed.

Apart from the improbability of the nutritive plasma, as we understand it,

exercising a selective action in depositing food material onto the nucleolus, this

source for the ground substance of the nucleolus is excluded by the remarkably
constant relation which the size of the nucleolus always shows to the stage of

the egg's growth, a relation very difficult to explain if the nucleolus passively
receives the bulk of its substance directly from a source outside the cell. On the

other hand, the cytoplasm is equally excluded as a source for the ground sub-

stance of the nucleolus, for this substance continues to be deposited on the surface

of the nucleolus after the completion of yolk formation, at a time, therefore, when

practically the whole of the cytoplasm has been converted into metabolically
inactive yolk spherules. There remains, therefore, only the chromatin as the

source for the ground substance of the nucleolus, a source already indicated by the

intimate relation this structure shows to the nucleolus in the young oocyte, in which
the as yet relatively inactive metabolism permits of a massed arrangement of the

chromatin.

The origin of the basophile constituent of the nucleolus presents more diffi-

culty. There is reason to believe that the activity of the chromatin is continued

for some time at least after the simultaneous completion of yolk formation and
cessation of nucleolar activity. The only structure, therefore, which in its behavior

shows a direct temporal relation to the cessation of nucleolar activity is the cyto-

plasm. On the completion of yolk formation there is not only an abrupt cessation

of nucleolar activity, but there is also a sudden failure in the supply of the baso-

phile nucleolar constituent, a fact which certainly points to the cytoplasm as the

source for this substance.

It is not, however, only the completion of yolk formation but also the com-

plete cessation of all cytoplasmic activity, which coincides with the termination

of nucleolar activity. The production of the basophile nucleolar substance shows
no relation to the commencement of yolk formation, but is produced continuouslv

throughout the growth of the egg. This substance must be the result, therefore,
not of yolk formation itself but of a much more fundamental vital process of the

cytoplasm, a conclusion which is supported by the fact that we already have, in

the peripheral spherules presently to be described, an obvious by-product of the

actual process of yolk formation.

That the nucleolus deals with the waste products of cytoplasmic activity rather

than with the nutritive material in the caryolymph is also indicated by the ulti-

mate fate of the discharged material described below.

The nucleolus of Antedon would thus appear to be derived from the chromatin
and to function as the excretory organ of the cell, the waste products of cyto-

plasmic activity undergoing their final changes within its substance and being
discharged, now, presumably, inert and harmless, into the cytoplasm, where they
slowly dissolve.

It has been shown that throughout the growth of the oocyte the nucleolus

periodically discharges deeply basophile spherules into the caryolymph. It has
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also been shown that, as there is no accumulation of these spherules in the nucleus,
nor any sign of their absorption, either by the caryolymph or by the chromatin, it

is probable, from evidence provided by the nucleus alone, that these spherules

pass at once into the cytoplasm.

Basophile spherules commence to appear in the cytoplasm even before the

chromatin has lost its radial relation to the nucleolus, and they occur in increas-

ing numbers as growth proceeds until the formation of the definitive yolk nucleus

in eggs with a nucleolus of from 7 y. to 8 p. in diameter. The spherules are found

with all fixing reagents, and are always deeply basophile, even after prolonged
extraction. The individual spherules are sharply defined and vary in size from
0.5 n to 1.5 n, or even occasionally 2 |i. They do not increase in size with the growth
of the egg, the few spherules first to appear in the young oocyte being as large
as the more numerous spherules at later stages, and very small spherules are rare

at any stage. The spherules are only occasionally found isolated in the cytoplasm ;

far more usually they are associated together in small clusters of from three to

six, irregularly disposed around the nucleus and lying either in actual contact with

the nuclear membrane or at some little distance from it. They are seldom, how-

ever, found far from the nucleus, and are rarely, if ever, found peripheral in

position. The spherules of any one cluster vary in size within the limits already

noted, and it is rare to find a group consisting solely of very small spherules.
It has already been noted that, compared with the period intervening between

successive discharges, the time actually occupied by the spherules in passing from
the nucleolus into the cytoplasm must be very brief, and that this is ample
explanation for the rarity with which this process is seen. The few instances

in which the passage outward has coincided with the moment of fixation in the

still growing oocyte have already been referred to in considering the behavior

of the nucleolus.

In addition to the spatial relation which the nucleolar spherules are frequently
seen to bear to those in the cytoplasm, the nucleolar origin of the latter is also

indicated by their arrangement in the cytoplasm. It is difficult on any other

supposition to account for their arrangement in small groups, irregularly scat-

tered around the nucleus; and this arrangement, together with the fact that they
are never found in a peripheral position, and that there are, at this stage of the

egg's growth, no cells in relation to the egg's periphery, exclude the possibility
of an extracellular origin. The fact that the spherules are of much the same
size in the youngest as in the older oocytes and that groups of very small spherules
are rarely, if ever, seen, exclude both a cytoplasmic origin and a mode of origin

by diffusion through the nuclear membrane.
It should also be noted that the groups in the cytoplasm show no relation

to the distal ends of the radially arranged chromatin strands, and moreover
continue to appear after this arrangement of the chromatin has been lost.

The basophile spherules, therefore, which are discharged at intervals in batches

from the nucleolus, pass at once into the cytoplasm, and in the young oocyte form
scattered groups around the nucleus.
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In the young oocyte the nucleolar spherules in the cytoplasm increase in

number with every discharge from the nucleolus, but otherwise remain unchanged.
The cytoplasm also at this period shows no other change than a considerable

increase in bulk and a very slight increase in basophile staining reaction. Sooner

or later, however, and alawys by the time the nucleolus measures 8
[/,,

in eggs,

therefore, of from 20 n to 30
\>.

in diameter, a portion of the hitherto uniformly

staining cytoplasm commences to retain the basic stain. This more deeply stain-

ing region of the cytoplasm is at first extremely irregular and diffuse in character

and nearly always stands in relation to some, at least, of the groups of nucleolar

spherules, and the appearance thus presented strongly suggests that a diffusion

is taking place of the deeply staining substance of the nucleolar spherules onto the

surrounding cytoplasm. During this diffusion the sharply marked and deeply
stained nucleolar spherules become more and more scarce, and at the same time the

more deeply staining region of the cytoplasm gradually loses its irregular and

scattered condition, becoming instead compact and regular, and assumes the form

of a faintly staining but clearly defined concavo-convex, lens-shaped body, closely

applied to, though never in actual contact with, the surface of the spherical nucleus

and measuring 25 u. to 30 u. in diameter and from Sjx to 10
[/.

in tichkness. This

is the definitive yolk nucleus.

That the more deeply staining area of the cytoplasm, and consequently also

the definitive yolk nucleus, does not arise by a simple aggregation of the nucleolar

spherules is shown by the difference in staining reaction of the yolk nucleus and

of the nucleolar spherules. Professor Chubb gives a figure representing an egg
fixed in sublimate showing two groups of nucleolar spherules which have only

just come into relation with the stainable area; their deeply basophile character

and sharp outline offer a striking contrast to the somewhat diffuse and less deeply
stained spherules of the more deeply staining cytoplasmic area. This contrast

was still more striking with material fixed with other reagents; thus with Her-

mann, or with acetic bichromate, the nucleolar spherules are, as with the sub-

limate, deeply stained and clearly defined, while the texture of the yolk-nuclear

area, like that of the rest of the cytoplasm with these reagents, is finely granulo-
reticular in character, only differing from the surrounding cytoplasm in its greater

affinity for the basic stain.

Although the accumulated nucleolar spherules in the cytoplasm greatly
diminish in number during the formation of the yolk nucleus, and may even be

entirely absent on the completion of this process, they nevertheless are still

occasionally to be seen in eggs in which a definitive yolk nucleus is present. The

rapid increase in staining capacity shown by the yolk nucleus soon after its

appearance, and which is described below, is in all probability to be explained

by this incorporation of additional nucleolar spherules. At later stages, as the

nucleolar discharges become more and more infrequent, spherules in the cytoplasm
are more rarely met with, and are never found in contact with the yolk nucleus

after this has lost its intensely basophile character, although even in the adult

egg groups of partially dissolved nucleolar spherules are occasionally to be seen

embedded in the yolks.
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AVhen the stainable area first assumes the regular form of the definitive yolk
nucleus it is, as already noted, much less deeply basophile than the original
nucleolar spherules from which it has been derived. This faintly staining con-

dition of the yolk nucleus does not last long, and in eggs very slightly, if at all,

larger, the yolk nucleus is as deeply stained as the original spherules. Accom-

panying this increase in staining capacity on the part of the yolk nucleus there

is a corresponding, though slower and much less strongly marked, increase in

the basophile reaction of the cytoplasm.
That the basophile reaction of the yolk nucleus is, in the main at least, due to

other causes than those determining the corresponding reaction of the cytoplasm
has already been suggested by the mode of origin of the yolk nucleus. It is still

further indicated by considerable differences in this staining reaction in these

two regions of the cytoplasm ; for not only does the yolk nucleus stain deeply before

there is any basophile reaction on the part of the general cytoplasm, but the baso-

phile reaction of the yolk nucleus is only very slightly influenced by the character

of the fixing reagent, while that of the cytoplasm varies greatly, and with some

reagents for instance, acetic bichromate may be entirely absent. Moreover,
even in material in which the basophile reaction of the cytoplasm is most marked,
extraction always greatly destains the latter without appreciably affecting the

appearance of the yolk nucleus.

As the yolk nucleus acquires its deeply basophile character it moves away
from the surface of the nucleus, becoming rounder and shorter as it does so,

and assumes a position midway between the nucleus and the egg periphery. At
this stage the yolk nucleus and, after sublimate fixation, the cytoplasm also, has

reached its maximum basophile reaction. Yolk formation now commences, and

very soon after this, while yolk formation is still only faintly indicated, the yolk
nucleus assumes a peripheral position close to, though not as a rule in actual

contact with, the egg periphery. At the same time it loses its regular form and

rounded contour, acquiring instead a form roughly determined by the nature of

the egg periphery and a somewhat irregular outline. At this period, and while

yolk formation is as yet mainly confined to the egg periphery, the yolk nucleus

shows a considerable increase in size and accompanying loss of staining capacity.

As yolk formation proceeds, the yolk nucleus retains its peripheral position and

appears to spread out over the evei'-increasing surface of the egg, becoming con-

siderably thinner as it does so, always, however, covering the same proportional
area of the egg periphery.

Neither during its disappearance nor during the earlier stages of yolk for-

mation does the yolk nucleus ever show the slightest indication of undergoing a

granular disintegration. Its outline, though never showing the even character

it presented prior to the commencement of yolk formation, is never so irregular
as to be indefinite, and as soon as the loss of staining capacity has proceeded

sufficiently far it is seen that the structure of the yolk nucleus in all respects

resembles that of the surrounding j^olk, the only difference being the ever-decreas-

ing basophile reaction, and it is evident that yolk formation has proceeded in the

region of the cytoplasm constituting the yolk nucleus exactly as in other regions
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of the cell. During its actual disappearance the yolk nucleus is frequently repre-

sented by several detached areas, but in all such cases these regions are so placed

with reference to each other as to indicate that they are not detached fragments,

but persisting regions of the original yolk nucleus, the unequal disappearance of

the last traces of the basophile reaction having led to their isolation. Very

shortly after this stage the yolk nucleus disappears from view altogether, and

no trace of it is ever to be seen on the completion of yolk formation.

In the above, description of the behavior of the yolk nucleus no mention has

been made of a peculiar feature in connection with this structure which is of

very frequent occurrence. After most fixing reagents the yolk nucleus is accom-

panied, usually on its outer side, by a clear space in the cytoplasm. On the first

appearance of the definitive yolk nucleus, while this is still faintly staining, this

space is absent, the cytoplasm in the immediate neighborhood of the yolk nucleus

in no way differing from the rest. This condition is maintained throughout the

subsequent history of the yolk nucleus in material fixed solely in a saturated

solution of sublimate, but after most other fixing reagents a clear area appears
on the outer side of the yolk nucleus and grows step by step as the latter increases

in staining capacity, and only finally disappears shortly before the disappearance

of the yolk nucleus itself, slowly decreasing in extent as the latter loses in staining

capacity. In the later stages the clear space, like the yolk nucleus itself, is less

regular in form, and though usually or mainly on the outer suface of the yolk

nucleus, may occasionally completely surround it, or even be confined to its inner

side, though this latter condition is rarely seen.

The gradual growth of the clear space, hand in hand with the increase in

basophility of the yolk nucleus, and its disappearance with the decline of this

reaction that is, its coincidence with the period of apparent greatest activity

of the yolk nucleus seems at first sight to suggest that the clear area stands

in some direct physiological relation to the activity of the yolk nucleus, and

represents an accumulation of noncoagulable fluid in the living egg. There are,

however, several difficulties in the way of such an interpretation.

In the first place, the space is entirely absent in sublimate fixed material,

though present in material taken from the same individual, but fixed with an acid

reagent. The absence of the clear space in sublimate material can not be due to

the great coagulating power of this reagent having coagulated the fluid accumu-

lation, for not only would such a well-marked segregation of material so different

in constitution from the rest of the cytoplasm show some difference in staining

capacity from the latter, a difference of which there is no trace, but there is

frequently in this material no room for such an accumulation on the outside of

the yolk nucleus.

The clear space, therefore, is wholly unrepresented in sublimate material,

and its presence in other material must be an artifact due to shrinkage during
fixation. Indirectly the absence of the clear space in sublimate material is due

to the greater capacity of this reagent for fixing simple proteids in the absence

of a free acid; for the coagulation of these waste or metaplastic substances with

which the yolk nucleus and general cytoplasm are loaded prevents the shrinkage

142140 21 Bull. R2 27
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which produces this space in other material. That this is the explanation of the

absence of the clear space in sublimate material is very clearly shown by the fact

that even in acid-fixed material there is no clear space accompanying the yolk

nucleus when this structure is faintly stained, and when it is, therefore, presumably
less heavily loaded with noncoagulable material.

In the. second place, both the clear space and the yolk nucleus of the older

oocytes have lost the regular form they possessed in earlier stages, and it is then

frequently seen that the outline of the clear space corresponds exactly with that

of the yolk nucleus, a correspondence which can only be explained by supposing

that the two surfaces were originally in contact and have been separated by

shrinkage and is wholly incompatible with the supposition that the space is caused

by an accumulation of fluid material in the living egg. This interpretation of

the space as a split due to shrinkage is also supported by the presence, on the

surface of the yolk nucleus facing the space, of numerous frayed strands of

cytoplasm. The extensive changes in the form and size of the yolk nucleus make

it impossible to ascertain by direct measurements, on acid-fixed and sublimate-

fixed material from the same individual, to what extent the shrinkage of the yolk

nucleus is responsible for the clear space; but the fact that there is no great

difference in size between yolk nuclei in oocytes of about the same age, the one

accompanied, the other unaccompanied, by a clear space, shows that this con-

traction can not be a very extensive one, and an explanation other than the con-

dition of the yolk nucleus must be found for the very large clear space often

present. The explanation is given by two figures in Professor Chubb 's paper
which clearly show that the contraction of the egg cytoplasm as a whole may often

be largely responsible for augmenting the size, of the clear area. In one the yolk

nucleus is accompanied by a clear space of a size, and in this particular case of

a shape, wholly inconsistent with the assumption that it is due entirely, or even

mainly, to the contraction of the yolk nucleus. In the other the general con-

traction of the cytoplasm has occurred on the side of the egg remote from the

yolk nucleus and shows that the clear area as seen in the first is due to the combined

contraction of both yolk nucleus and cytoplasm.

The clear space which often accompanies the yolk nucleus, usually on its

outer side, is therefore an artifact and is due to the shrinkage which results from

the inability of the acid-fixing reagent to coagulate the waste and metaplastic

substances with which the yolk nucleus and general cytoplasm are loaded. When
the yolk nucleus is faintly stained, as on its first appearance and shortly before

its disappearance, at times, therefore, when it is less heavily loaded with these

substances, it is unaccompanied by a clear space in any material.

It is not necessary to assume for the yolk nucleus an active participation in

the cell metabolism in order to explain the changes in form and position which

this structure undergoes during yolk formation, for these changes are perfectly in

accord with the assumption that they are entirely passive in character and due

to the wradual change in the physical consistency of the cytoplasm which precedes
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yolk formation and to the great growth of the cytoplasm by which this latter

process is accompanied.
The progressively increasing basophile reaction of the cytoplasm which pre-

cedes yolk formation is due to the gradual loading of the cytoplasm with material

supplied by the chromatin and passed out from the nucleus by diffusion through
the nuclear membrane, the material so supplied being subsequently utilized in

yolk formation. It is not unreasonable to suppose that this progressive change
in the chemical constitution of the cytoplasm is accompanied also by a progressive

change in its physical consistency, a change resulting either in an increased or

decreased viscosity. The assumption that the change is in the direction of a more
fluid consistency is the one which seems most easily correlated with the changes
in the yolk immediately to be described.

In the young egg the nucleolar spherules lie stationary and unchanged, slowly

accumulating in the faintly staining cytoplasm, the viscid nature of which is

indicated by the arrangement of the spherules in small clusters, each representing
a discharge from the nucleolus, and each having penetrated only a little way
into the cytoplasm. With the appearance of the basophile reaction and, as Pro-

fessor Chubb assumes, more fluid consistency of the cytoplasm, the nucleolar

spherules can no longer retain their original character, and the substance of which

they are composed diffuses onto the surrounding cytoplasm. At first the areas of

the cytoplasm so affected are scattered and diffuse in character. Gradually, how-

ever, they come together and assume a form in contact with the nucleus, which is

entirely in agreement with the assumption that capillary laws constitute the sole

morphogenic factor, the presence of the substance of the nucleolar spherules hav-

ing so modified the physical character, and hence also the surface tension, of the

region of the cytoplasm which bears it, as to give it a physical individuality of

its own.

By the continued change in the physical consistency of the cytoplasm which

accompanies the increase in its basophile reaction, and by the yet further addition

of nucleolar substance to the yolk nucleus, the difference in surface tension between

these two regions of the cytoplasm is still further augmented, and the yolk nucleus,

leaving the surface of the nucleus, assumes a more compact and rounded form

midway between the nucleus and the egg periphery, often, indeed, being almost,

in contact with both.

Yolk formation now commences, and as this progresses the coarsely alveolar

structure it produces causes the cytoplasm to lose much of its original semifluid

consistency. Capillary forces are therefore no longer able to exert the influence

they formerly possessed in maintaining the regular shape of the yolk nucleus, and
the smooth contour of the latter gives place to a somewhat irregular outline.

During the actual process of yolk formation there is a rapid and very con-

siderable increase in the bulk of the cytoplasm, the diameter of the egg being often

more than quadrupled during the process. As the yolk nucleus represents an

area of the cytoplasm only differing from the rest by being infiltrated with the

substance of the nucleolar spherules, it also should show an increase in bulk corre-

sponding to that of the whole egg. This increase in the size of the yolk nucleus
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does actually occur in the earlier stages of yolk formation, but at a later stage
it is masked by the great extension and thinning out of this structure at the egg

periphery. If the expansion of the cytoplasm during yolk formation were due

to the equal and simultaneous expansion of all its parts, then the form and position
of the yolk nucleus toward the close of yolk formation should be approximately
similar to that seen in earlier stages, and some other cause than the simple increase

in bulk of the cytoplasm would have to be found in order to account for the

peripheral position and attenuated form which this structure invariably shows
at this stage. But the increase in bulk of the cytoplasm in other words, yolk
formation as has already been shown, is not uniform all over the cj

r
toplasm, but,

apart from its first commencement, proceeds from without inward. The increase

in bulk thus caused in the peripheral layers of the cytoplasm, being unaccom-

panied by any great increase in the superficial area of the egg, since the ex-

pansion is confined for the present solely to the peripheral layers, results in a

considerable increase in thickness and only a slight superficial extension of this

portion of the yolk. It is at this stage that the yolk nucleus shows the increase

in size already referred to. At a later stage, however, when yolk formation is

general all over the interior of the egg, there is a very considerable increase in

the size of the egg as a whole, but the peripheral layers of the yolk, having finished

their expansion, can only keep pace with this increase in the superficial area of

the egg by superficial extension. In the yolk nucleus we have a region of the yolk
in which these changes can be actually observed, the thinning out and superficial
extension which this structure shows being merely that to which the whole of

the peripheral portion of the cytoplasm is at this period subjected. As we should

expect from this process, the yolk nucleus approximately covers the same pro-

portional area of the egg surface at all stages of yolk formation.

There only remains to be explained why the yolk nucleus should always lie

at the periphery of the cell at the commencement of yolk formation, for it is

evident that it is primarily to this position that the changes in the form described

above are due. The assumption, however, that the outward migration of the yolk
nucleus at the commencement of yolk formation is also passive and due to general

changes in the surrounding cytoplasm does not offer much difficulty. During yolk
formation we have a constant migration to the periphery of granules or droplets

arising in the body of the cytoplasm. As it is impossible to assume that this

outward migration is due to the activity of the droplets themselves it must be

concluded that there are forces in operation in the egg during yolk formation
which tend to send formed bodies to the periphery. These forces may be of the

nature of centrifugal diffusion currents, or, as perhaps is more probable, are simply
the result of an effort on the part of the still metabolically active cytoplasm to

remain in touch with the nucleus. In either case the presence of the nucleolar

substance on the yolk-nuclear area would serve to bring this structure under the

influence of such forces, though the fact that the yolk nucleus is itself, in part,

composed of ordinary cytoplasm would considerably weaken their action. This
would explain why the yolk nucleus, though always more or less peripheral in

position during yolk formation, is never quite so; it never competes with the
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peripheral spherules of the yolk already referred to and yet to be described for

a position in actual contact with the vitelline membrane.
Thus the absence of any participation by the yolk nucleus of Antedon in the

cell metabolism is indicated both by the origin of this structure as a region of the

cytoplasm onto which has diffused a portion only of the material intermittently

discharged from the nucleolus throughout the growth of the oocyte, and by the

fact that its subsequent behavior can be entirely explained as due to the influence

on a semifluid mass of the varying physical conditions obtaining in the cell.

The entirely fortuitous manner in which the yolk nucleus arises in Antedon

offers a ready explanation of a hitherto puzzling fact, that though this structure

is of constant occurrence in those forms in which it occurs at all, it is nevertheless

frequently entirely absent in closely allied species. For it is obvious that very

slight changes in the constitution of the yolk, or in the mode of its formation,

might suffice to remove the conditions under which the diffusion described above

could alone take place.

In the young oocyte, previous to the formation of the definitive yolk nucleus,

the cytoplasm is faintly acidophile, showing little or no tendency to retain the

basic stain. At about the time of the appearance of the definitive yolk nucleus,

however, the cytoplasm commences to show a distinct basophile reaction which

steadily increases in intensity as the oocyte grows, until yolk formation commences.

The basophile reaction of the cytoplasm, therefore, first becomes marked in eggs
of from 30

y.
to 40

(/.
in diameter, in which the nucleolus measures about 8[i, and in

which the yolk nucleus is already deeply basophile. The reaction reaches its

maximum in eggs of from 50
p.
to 60 ;x in diameter, in which the nucleolus measures

9 n to 10 |x, and gradually disappears as yolk formation progresses.

Unlike the yolk nucleus, the basophile reaction of which shows but little

variation with different fixing reagents, the staining capacity of the cytoplasm
varies greatly according to the fixing agent employed. The reaction is most

marked in material fixed with a saturated solution of sublimate, the cytoplasm
often being, with moderate differentiation, so deeply stained as to almost obscure

the black yolk nucleus; greater differentiation will, however, always greatly destain

the cytoplasm without appreciably affecting the appearance of the yolk nucleus.

After fixation with sublimate and acetic, the reaction of the cytoplasm is very

similar, though slightly less intense, to that seen after sublimate fixation. In

Hermann material, however, it is much weaker than with either of the above

reagents, the eggs at the commencement of yolk formation staining a faint blue,

but the yolk nucleus, though not so intensely stained as after sublimate fixation,

is still deeply basophile. In material fixed with bichromate and acetic there is

no indication whatever of a basophile staining reaction of the cytoplasm at the

commencement of yolk formation, the eggs at this period actually staining more

faintly than at any other time, but the yolk nucleus stains as intensely as in

sublimate material.

The interest attaching to this variation in the staining capacity of the cyto-

plasm, according to the nature of the fixing reagent employed, as emphasizing
the distinct nature of the causes determining this reaction on the part of the yolk
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nucleus and cytoplasm, respectively, has already been noted. This variation is

also of interest in another connection. The progressively increasing staining

capacity of the cytoplasm which preceded yolk formation may be' assumed to be

due to the gradual accumulation in the cytoplasm of material destined to be

utilized later in the formation of the definite yolk spherules. The variation in

the staining capacity of the cytoplasm in the fixed material would depend on

the capacity of the reagent employed to fix these metaplastic substances. They
are, as we should expect, well fixed in sublimate material, and almost as well fixed

in sublimate acetic material. In acetic bichromate material, on the other hand,

they appear to remain wholly unfixed and are washed out of the cell subsequent
to fixation.

This varying action of the fixing reagent is accompanied not only by a corre-

sponding variation in the staining capacity of the fixed cytoplasm, but also in its

structural appearance. Thus in sublimate material, in which the basophile reaction

is most strongly marked, the cytoplasm has the appearance of being composed of

indefinite, closely packed, and in the earlier stages faintly staining, spherules.

In material fixed with an acid reagent, on the other hand, the texture of the

cytoplasm is that of a more or less open, fine, and deeply stained reticulum the

strands of which are, however, so fine that the cytoplasm as a whole does not

appear deeply stained. This reticular structure of the cytoplasm is found equally
in material fixed with acetic bichromate, with which reagent the basophile reaction

is almost, if not entirely, wanting. Such a behavior of the cytoplasm would seem

to suggest that the reticulum shown after fixation with an acid reagent represents

the living protoplasm of the original cytoplasm, from which the more or less

unfixed metaplastic substances have been washed out subsequent to fixation.

In the adult egg the yolk consists of closely crowded spherules of two kinds

the yolk spherules proper, constituting the greater bulk of the cytoplasm, and
the spherules which Professor Chubb calls the peripheral spherules, forming only
a thin layer at the periphery of the egg.

The yolk spherules proper average from 1 [A to 1.5 y. in diameter and are always

quite spherical in form. After fixation with sublimate or sublimate acetic they
remain unstained by the hsematoxylin and appear pale yellow in color and re-

fringent. After fixation with acetic bichromate, on the other hand, the yolk

spherules are deeply basophile, prolonged extraction only serving to destain their

extreme peripheral portions. After fixation with Hermann's fluid, the spherules
remain unstained, are nonrefringent, and vary in color from a pale yellow to

a dark brown or even black. This coloration is due to the osmic acid in the fix-

ing reagent and is entirely independent of staining or extraction, a fact which,

together with their varying and irregular distribution, serves sharply to distinguish
them from the peripheral spherules.

The peripheral spherules form a thin layer immediately within the vitelline

membrane. The surface of the adult egg, and with it the inner surface of the

egg membrane, is, in fixed maternal, almost invariably thrown into fine wrinkles,
the peripheral granules being collected in the ridges so produced. In the younger
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eggs this surface wrinkling is absent, and here the peripheral spherules form an

even layer.

The peripheral spherules of the adult egg differ from those of the rest of

the yolk both in their size and in their staining reactions. Their size, though

averaging that of the yolk spherules, shows a considerably greater range of vari-

ation, spherules measuring as much as 3 y. across being occasionally met with.

Their staining reaction, unlike that of the yolk spherules, shows no relation what-

ever to the mode of fixation, the spherules, after all reagents, being intensely
stained with iron haematoxylin. This staining reaction shows a further peculiarity,

for in all cases very slight differentiation is sufficient to destain these spherules

totally, and the ease with which this takes place is irrespective both of the nature

of the fixing reagent and the duration of its action. In sublimate, or sublimate

acetic, material with moderate extraction the deeply stained peripheral spherules
offer a striking contrast to the unstained yolk. With slightly greater extraction,

insufficient, however, appreciably to affect the appearance of the other cell elements,
the peripheral spherules are entirely destained, and they then appear as faintly

yellow spherules of about the same size as the yolk spherules, but, unlike these,

nonrefringent. In acetic bichromate material the peripheral layer can still be

detected, though the strongly basophile character of the yolk spherules after the

use of this reagent renders it much less conspicuous. Here again, however, slight

differentiation, to an extent which has no appreciable effect on the appearance of

the yolk, suffices totally to destain the peripheral spherules, which then form a

relatively clear region between the deeply stained yolk and the egg membrane.

In Hermann material the peripheral spherules, when destained, can not be

distinguished from the faintly yellow and nonrefringent yolk spherules; but with

less differentiation they form with these as striking a contrast as in sublimate

or sublimate acetic material. Occasionally, however, in the Hermann material,
this contrast between the peripheral spherules and those of the rest of the yolk
is more or less obscured by the arrangement of the more deeply colored yolk

spherules. The destaining of the peripheral spherules is so sudden that, unless

differentiation is carried out under the microscope, it is rare to obtain slides in

which the peripheral layer is only partially destained. When, however, such a

slide is obtained, it is seen that nearly all the still visible spherules are as large
and as deeply stained as in less extracted slides, though present in far fewer

numbers. Only here and there will a spherule have been caught in the act of

destaining, and then it is seen that, even in the case of the individual spherule,
there is no gradual transition from an unstained to a deeply stained condition,

for a part of the spherule still remains as deeply stained as before, while the rest,

usually one side or the periphery, rarely the center, is already completely destained.

There is no evidence, in the destaining of the peripheral layer during differen-

tiation, that the more or less peripheral position of the spherules in any way
influences the ease with which they part with the basic stain.

That the behavior of the peripheral spherules is not due merely to their

peripheral position is also indicated by the fact that in the adult egg they are

never so closely crowded as totally to exclude the ordinary yolk spherules from
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this region, ordinary yolk spherules occurring among the peripheral spherules

right up to the inner surface of the vitelline membrane.
It is therefore clear, from a study of the evidence afforded by the adult egg

alone, that the peculiar behavior of the peripheral layer of spherules is not of the

nature of a fixation artifact, nor in any way due to the peripheral position which

they occup}'; it is, instead, evident that they must differ considerably in consti-

tution from the yolk spherules. Nor is there any evidence that a conversion of

the one into the other is taking place, a conclusion fully in harmony with the fact

that the number of the peripheral spherules remains fairly constant, not only

during the closing period of yolk formation, but also after the completion of this

process for as long as the egg remains in the pinnule.
The vacuolated areas indicating commencing yolk formation remain unstained

after all fixing reagents, and in sublimate or sublimate acetic material they stand

out in strong contract to the intensely basophile cytoplasm. In acetic bichromate

material the yolk spherules do not acquire their (with this reagent) intensely

basophile character until some time after their first appearance. With Hermann's
fluid the vacuoles in the areas of commencing yolk formation can be seen on their

very first appearance as faintly yellow spherules standing out well against the pale
blue cytoplasm.

Isolated groups of yolk spherules, of a size equaling those of the adult egg, are

frequently present long before yolk formation becomes general over the whole

cytoplasm. These isolated areas of precocious yolk formation show, however, no
constant spatial relation to any of the other cell elements, and as soon as yolk
formation becomes general this process proceeds most rapidly at the cell periphery,
and as it extends from without inward the interspherular substance, and with it

the basophile reaction of the cytoplasm, slowly disappear, the last traces forming
a faint and irregular perinuclear area of ever decreasing dimensions.

In addition to this complete absence of any spatial relation between the yolk
nucleus and areas of commencing yolk formation, it should be noted that in the

earlier stages of this process the yolk nucleus still retains its regular form and
shows as yet none of the appearances which have been previously interpreted as

indications of its granular disintegration. Moreover, in later stages yolk for-

mation proceeds within the body of the yolk nucleus exactly as in other regions
of the cytoplasm. The only difference which the yolk nucleus shows from the

surrounding cytoplasm consists in the more intense staining reaction of the inter-

spherular protoplasm in this region, a reaction which renders the yolk nucleus

visible long after all tendency to retain the basic stain has disappeared from the

surrounding cytoplasm. In the later stages of yolk formation the faintly stained

and irregular yolk nucleus exactly resembles in appearance the still faintly baso-

phile perinuclear region of the cytoplasm, and in many cases only its peripheral

position serves to distinguish it from the latter region.

As soon as yolk formation becomes general, the peripheral spherules make
their appearance. As always, they are intensely basophile, but at this early stage

they are extremely minute in size, far smaller than the yolk spherules, and are

scattered sparsely over the body of the cell. At a slightly later stage the spherules
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are more numerous and show a considerable increase in size, though very small

spherules are still abundant, and there is now a thin but distinct peripheral layer,
formed mainly of the larger spherules, which lies immediately on the inner side

of the vitelline membrane. From this time onward, as yolk formation progresses,
the peripheral spherules continue to increase both in size and in number, not

only in the body of the cell but also at the egg periphery.
As yolk formation approaches completion the spherules scattered over the

cytoplasm decrease rapidly in number, though without showing any other change,
and by the time the process is completed have almost or entirely disappeared from
the body of the cell. At the same time, the peripheral layer increases considerably
in depth and density until, on the completion of yolk formation, it presents the

appearance Professor Chubb has already described in the preceding section and
which is maintained for as long as the egg remains in the pinnule.

The behavior of the peripheral spherules just described clearly indicates that

they arise in the cytoplasm during yolk formation as a by-product of this process,
and gradually accumulate at the surface of the cell. They have thus nothing
to do with the discharged nucleolar spherules which, in the adult egg. they so fre-

quently resemble, and their very different behavior with fixing reagents, especially
with sublimate solution, serves to distinguish them from the often contemporane-

ously appearing chromatin spherules. The entire absence of any spatial relation

on the part of the peripheral spherules to the yolk nucleus, together with the

behavior already described for this structure, equally exclude the latter as a

possible source for these spherules. The frequency with which spherules, often

described as originating by the granular disintegration of the yolk nucleus, have
been made to take an active part in determining yolk formation necessitates con-

siderable emphasis being laid on the mode of origin and fate of the peripheral

spherules in Antedon.

Professor Chubb pointed out, when considering the significance of the nucleolus,
that one of the reasons for excluding the raw food material dissolved in the caryo-

lymph from the category of possible immediate sources for the nucleolar con-

stituents was the strict correlation the size of this structure invariably shows with

the phase of the egg's growth, a correlation very difficult to understand, in the ab-

sence of any indication of a reaction between the nucleolus and the caryolymph, if

the growth of the nucleolus is due to the passive deposition on its surface of sub-

stance derived directly from a source outside the cell. When, however, we come
to consider the behavior of the chromatin, we find that this structure, unlike the

nucleolus, does show a very obvious endeavor, which is indicated by its subdivision

and equal distribution, to increase the facilities for reaction with the surrounding

ca^olymph. This behavior must indicate not merely that the chromatin depends,
for the material on which it works, on substances dissolved in the caryolymph,
for so does the nucleolus, but that these substances are not deposited, as such, on
the chromatin, but have instead to undergo their initial changes under the direct

influence of this cell structure while they are still dissolved in the caryolymph. In
other words, the chromatin obtains its food material by active incorporation,
whereas the nucleolus grows by passive deposition. The obvious source for the



402 BULLETIN 82, UNITED STATES NATIONAL. MUSEUM.

food material of the chromatin, which thus, unlike that of the nucleolus, shows so

little relation to the requirements of particular cell structures, is the nutritive and

oxygenated plasma of the parent organism which enters the tissues of the ovary
from the surrounding sinus. In this connection the invariably superficial position
in the ovary of the growing oocyte at the time when this activity of the chromatin

is at its maximum should be noted.

Professor Chubb has already given reasons for assuming the passage of sub-

stance from the chromatin to the nucleolus; he believes there is also evidence for

assuming the passage of substance from the chromatin to the cytoplasm. During
the early growth of the oocyte, prior to yolk formation, the cytoplasm is not only

increasing in quantity but is also steadily accumulating material to be subsequently
utilized in yolk formation, this accumulation being indicated by the progressively

increasing basophile reaction of the cytoplasm. During this period the chromatin,

from being massed around the nucleolus, has become finely subdivided, and has, at

the same time, lost much of its affinity for the basic stain. With the commencement
of yolk formation, on the other hand, the chromatin shows a progressively increas-

ing staining capacity, and at the same time deeply staining droplets appear on the

threads and gradually increase in number and size. Professor Chubb interprets
the faintly stained condition of the chromatin prior to the commencement of yolk
formation as due to the avidity with which the cytoplasm at this stage takes up the

products of the chromatin activity. The cai\yolyrnph is thus always unsaturated and
absorbs this material as fast as the chromatin can produce it. With the commence-
ment of the probably automatic changes in the cytoplasm by which this accumulated

material is converted into the definitive yolk spherules, there is, as we should

expect, a marked diminution in the avidity with which the cytoplasm absorbs the

products of chromatin activity. The chromatin, however, continues, for a time at

least, to produce them in as great a quantity as before, but the caryolymph, being
now saturated, no longer removes them, and they therefore slowly accumulate on

the chromatin threads, causing both the deeper staining of the latter and the forma-

tion of the chromatin spherules.

Up to the commencement of yolk formation the nucleus, like the nucleolus, in-

creases steadily in size step by step with the growth of the cytoplasm, the ratio of

their diameters remaining almost, if not quite, constant. Thus the nucleus is

usually a little over a half, the nucleolus a little under a quarter, the diameter of

the egg. The following measurements show this relation at different periods of the

egg's growth prior to yolk formation, the figure given for each stage being the mean
of a considerable number of closely approximating measurements :

Nucleolus.
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With the commencement of yolk formation, however, this correlation in growth
ceases and the cell body grows or, to speak more correctly, expands at a much
faster rate than do the other cell structures, so that on the completion of yolk
formation the nucleolus measures about 17

[A,
the nucleus 50 [x, while the cell body

measures fully 160 JA. The following figures represent typical measurements during
the progress of yolk formation; they were obtained in the same way as those just

given for earlier stages, the mean being taken of a large number of closely ap-

proximating measurements for each stage. .
It should be noted, however, in con-

sidering these figures, that although the nucleolus continues to increase in size

perfectly steadily during yolk formation, a corresponding behavior could not satis-

factorily be determined for the nucleus, the irregular form of the latter at this

period quite precluding accurate measurement. The figures for the nucleus, there-

fore, are only approximately correct.

Nucleolus.
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reagents the irregularity may be much less marked, or even entirely absent; and

this is true even of material taken from one and the same individual.

Although the nuclear irregularity is thus seen to be dependent upon the

action of the fixing reagent, yet the striking temporal relation which this irregu-

larity shows to the condition of the cytoplasm, and thus to the egg's growth,
indicates that its occurrence is also dependent, in part at least, upon a physiological

condition of the egg peculiar to this period. The fact that the nuclear irregularity

is always well marked in material fixed in sublimate solution alone, while it is

much less marked, or even entirely absent, when the fixing reagent employed
contains a free acid, would seem at first sight to suggest that the nuclear irregu-

larity may be due to the slow action or penetration of the fixing reagent. This

suggestion, however, entirely fails to explain the cause of the direct temporal
relation between the nuclear irregularity and the stage of the egg's growth as

indicated by the condition of the cytoplasm. For not only is the egg, at the

stage marked by the greatest nuclear irregularity and cytoplasmic staining capacity,

invariably at the surface of the ovary, and therefore in a position to be most

quickly reached by the fixing reagent, but the younger eggs, in which the nucleus

is perfectly spherical, are usually in the interior of the ovary, either floating free"ly,

or tightly packed between the larger eggs. Moreover, eggs at this early stage are

occasionally found at the surface of the ovary, yet their nuclei are no less regularly

spherical. In the same way the form of the nucleus in adult, or nearly adult, eggs
shows no relation whatever to the position of the egg relative to the surface of

the ovary. The position of the egg in the pinnule, and thus also the facility offered

for rapid penetration by the fixing reagent, can not, therefore, be a factor in

determining the irregularity of the nucleus.

The cytoplasm is the only cell constituent to the condition of which the nuclear

irregularity shows any definite relation, and here Professor Chubb believes is the

true cause of the nuclear irregularity seen in fixed material.

In the younger oocytes the spherical form of the nucleus is determined by
the osmotic interchange taking place between the nutritive plasma of the ovary
on the one hand, and the caryolymph within the nucleus of the oocyte on the

other. As the egg grows there is a gradual accumulation of metoplastic material

in the cytoplasm, the presence of which must very greatly increase the osmotic

intensity at the cell wall while producing a corresponding decrease in the osmotic

intensity at the nuclear membrane. The nucleus, therefore, no longer possesses

the same powerful tendency to retain a spherical shape, and although it is possible,

indeed probable, that the actual deviations from this spherical form in life are

slight, they may obviously be greatly intensified by the action of the fixing reagent
in coagulating the cytoplasm.

As yolk formation progresses the cytoplasm gradually loses its fluid character,

for although the yolk spherules are themselves as fluid as the original food-laden

cytoplasm, yet the conversion from a fine to a coarse alveolar structure is neces-

sarily accompanied by a firmer consistency of the alveolar mass as a whole. The

nucleus, therefore, is no longer free to assume a markedly irregular form during

fixation, or, to put it in another way, the firmer consistency of the coarsely alveolar
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cytoplasm results in less movement of the latter during fixation and therefore

less disturbance in the form of the nucleus.

The existence of a distinct nuclear membrane has been frequently accepted as

incompatible with the discharge of spherules as such from the nucleus into the

cytoplasm, and the partial or complete disappearance of this membrane has been

interpreted as indicating an increased reaction between the nucleus and the cyto-

plasm. As Professor Chubb's conclusions for Antedon assume the discharge of

formed spherules into the cytoplasm, though a distinct nuclear membrane be

present, and as his interpretation of the cell processes takes no note of the con-

dition of the nuclear membrane, he finds it necessary to offer some explanation of

the latter structure which shall not necessitate the assumption that the existence of

a clearly defined nuclear membrane in any way interferes with an active reaction

between the nucleus and the cytoplasm, or that it possesses in the living egg the

firm consistency which it often appears to possess in fixed material.

The nuclear membrane is always present in the oocyte of Antedon. Only
when the nucleus is very irregular in form does the nuclear membrane appear
to be interrupted. The partial disappearance of the limiting membrane in these

nuclei is, however, always directly associated with the irregularities in the nuclear

outline and is, according to the belief of Professor Chubb, due to the nuclear

membrane of these points being cut in a very oblique direction, a natural result of

the wrinkled form of the nucleus. This suggestion receives considerable support
from the appearance of tangential sections of the nucleus, in which it can be

readily seen that the nuclear membrane is perfectly well marked on any part of

the nuclear outline which does not quickly change its position in neighboring
sections of the series, but is invisible in those regions of the outline which do

quickly alter their position in adjacent sections, and which thus show that they
are cut extremely obliquely. The frequency with which this local disappearance
of the nuclear membrane has been described as associated with nuclear irregu-

larity suggests that the above explanation will be found to apply to these other

cases also.

Although we may therefore assume that the nuclear membrane is always
present at all stages of the oocyte's growth, it nevertheless varies greatly in

appearance according to the nature of the fixing reagent employed. It is, for

example, always difficult to see after the use of sublimate, while in Hermann
material, and indeed after the use of all reagents containing a free acid, it is

not only quite distinct, but usually deeply stained. It is thus seen that the

behavior of the nuclear membrane shows a striking parallelism with that already
described for the cytoplasm. Those reagents which give a well-fixed cytoplasmic
reticulum give also a distinct nuclear membrane, while those reagents, such as

sublimate, after the use of which the cytoplasmic reticulum is absent or masked

by the metaplastic substances, give a nuclear membrane which is indistinct and
often difficult to detect. When there is a distinct cytoplasmic reticulum, as for

instance, after the use of Hermann's fluid, the nuclear membrane appears to be

continuous with the strands of the latter. Professor Chubb thinks that this

behavior indicates that the nuclear membrane consists of a layer of the living



MONOGRAPH OF THE EXISTING CRINOIDS. 407

protoplasm free from the metaplasic substances with which the rest of the cyto-

plasm is loaded. The formation of such a layer of hyaline protoplasm at the

junction of the cytoplasm with the caryolymph is to be explained as due to

physical causes and is comparable with the hyaline layer of Amceba.

Such a conception of the nuclear membrane not only allows its formation to be

readily explained as due to physical causes, but also offers a ready explanation of

the ease with which this structure can be absorbed and reformed at different periods

in many cells. Moreover, it would certainly seem that the living protoplasm of the

cell is the most natural material of which the membrane, through which all solu-

tions must diffuse before entering the nucleus, would be composed.
There are two very characteristic features in which the germinal vesicle differs

from the nucleus of actively secreting somatic cells; these are (a) the relative

paucity and fine subdivision of its chromatin, and (6) its large size and (at all

events usually) spherical form.

Professor Chubb believes himself able to offer an explanation of both these

features of the germinal vesicle which will be in complete harmony with the inter-

pretations and conclusions to which he has been led as a result of the study of the

oocyte of Antedon, and which will, moreover, bring the behavior of the latter into

line with that, not only of somatic gland cells, but also of abortive ova functioning

as nurse cells.

It is generally assumed that the chromatin of the germ cell constitutes the

mam, if not the only, carrier of specific characters. If this assumption be accepted,

then it is not unreasonable to suppose that this consideration must place a very

considerable limitation on the adaptive changes which the chromatin may undergo

during the increase of the cell activity which accompanies the process of growth
and yolk secretion. The somatic gland cell, on the other hand, as also the abortive

egg or nurse cell, are not destined to give rise to a long line of descendents; still

less are they responsible for the unimpaired preservation of the specific characters

of the race. Their chromatin, therefore, is free from the limitations which Pro-

fessor Chubb has assumed to exist in the case of the oocyte, and is thus capable of

very considerable adaptation to the requirements of the cell's activity. We thus

find that, while the nucleus of the gland cell and nurse cell speedily becomes richly

chromatic as the cell activity increases, that of the egg remains relatively poor in

chromatin.

If such a limitation to the growth of the chromatin in the oocyte does exist,

then we have a ready explanation of the fine subdivision and equal distribution of

this material so frequently found in the germinal vesicle which will permit of our

following Riickert in interpreting this condition as correlated with intense nuclear

activity, although it is absent in the equally active nuclei of gland and nurse cells.

For it is obvious that this limitation will necessitate what chromatin there is being

used to the greatest possible advantage, and no clearer indication of such an

economical utilization of the chromatin could be offered than a fine subdivision and

equal distribution of this material.

Professor Chubb has suggested that the spherical form of the germinal vesicle

is due to the latter constituting an active osmotic system, and that the occasional

142140 21 Bull. 82 28
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deviation from this form which is seen in fixed material is an artifact, due to the

action of the fixing reagent at a tune when the osmotic intensity has been consider-

ably lessened by changes in the cytoplasm. The large size of the germinal vesicle

is to be explained as due to the same cause as that which brought about the fine

subdivision of the chromatin, namely, the limited growth allowed to this material

in the germ cell. For it is obvious that there are two ways of enabling a small

amount of chromatin to perform readily the utmost possible amount of work.

One of these is the great increase in surface area which is brought about by extreme

subdivision, whereby the facilities for reaction with the caryolymph are greatly

augmented ;
the other is the increase, both in quantity and in nutritive value, of the

caryolymph itself, which is brought about by an increase in the surface area of the

nuclear membrane through which diffusion takes place, the size of the germinal
vesicle being determined when equilibrium is established between the rate of diffu-

sion of nutritive substances through the nuclear membrane on the one hand, and the

requirements of the chromatin on the other.

RIPENING OF THE EGGS.

Hamann has studied in detail the ripening of the eggs in Heliometra glacialis,

As soon as the eggs have reached their full size they move into the central

cavity of the swollen portion of the genital tube, and often fill it entirely up. They
have a diameter of 0.3 mm.

These eggs have lost their germinal vesicles, having in place of them a large

spherical nucleus of homogeneous appearance 0.01 mm. in diameter. The vitelline

membrane stands out prominently. On the periphery there lie two polar bodies,

of which the second is oval in shape and shows many chromatin granules ;
it lies on

the periphery with its longer axis at right angles to the cell wall.

EXTRUSION OF THE EGGS.

Fig. 1175, pi. 28.

There are no female genital openings in the crinoids. As the eggs approach

maturity a small hemispherical swelling appears on the ventral side of the gravid

pinnule, which is noticeable on account of its whitish color. This is due to the

bulging outward of the wall of the genital tube containing the eggs, which pushes

against the previously somewhat sunken median portion of the ventral wall of the

pinnule. As the pressure increases the wall of the genital tube is forced more and

more outward into the pinnule wall, which finally opens and, the wall of the genital

tube tearing, the eggs are liberated through relatively small slits.

During this process the egg case is formed about the egg cell.

After the extrusion of the eggs the rent in the pinnule wall is closed, the wall

of the genital tube is withdrawn, and a rapid healing and regeneration takes place

in the pinnule wall, which is accompanied by accelerated cell proliferation.

In Thaumatometra mitrix the eggs, which are only about 0.15 mm. in diameter,

when ripe pass through the wall of the pinnule into the marsupium, where fer-

tilization takes place.
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In Isometra vivipara the same thing occurs, but in this case the eggs have pre-

viously been fertilized, this process taking place in the ovary itself.

EGO CASE.

The whole surface of an egg extracted from the ovary just before the normal
time of extrusion (that is, after the formation of the swelling indicating the posi-
tion of the subsequent rupture of the pinnule wall) is covered with a dark mesh-

work, the open spaces in which are closely set and regularly spaced circular areas.

In Antedon mediterranea, the eggs of which at this stage are about 0.3 mm. in

diameter, these circular areas have a diameter of approximately 0.022 mm., and
there are from 16 to 20 of them about any equator.

This meshwork lies neither on the outer surface of the transparent egg case,

which is entirely smooth, nor in its substance. The egg case bears on its inner

surface, immediately contiguous to the egg cell, peglike processes with broadly
rounded tips which project into the substance of the egg cell, and it is these pegs
seen in optical section which form the circular areas in the meshwork when the egg
is viewed from the exterior, the dark portion of the meshwork representing the

spaces between the processes where the dark yolk comes nearer the outer surface.

The yolk carries on its surface pit-like depressions, in which the peg-like processes
of the egg case fit.

After the egg has been exposed for a short time to the action of sea water the

pegs on the inner surface of the egg case become gradually lower and lower, and
the cavities between them shallower and shallower, until finally the inner surface of

the egg case smooths itself entirely out and the egg case becomes a spherical shell,

everywhere uniformly thick. Simultaneously the surface of the yolk becomes

smoother and smoother, until at last it shows no trace whatever of the pits into

which the pegs originally projected.
A section of the egg case at an intermediate stage shows the border between

it and the egg cell as a crenulate line which gradually straightens out so that

finally both the inner and the outer borders form concentric circles. It is to be

noted that as the pegs on the inner surface of the egg case disappear the thickness

of the case between the pegs increases.

The smoothing out of the inner surface of the egg case appears to begin

very soon after the eggs are laid in sea water, for the intermediate stage just de-

scribed is reached at the furthest in 10 minutes.

If the egg is so treated so that the yolk contracts and shrinks away from the

inner surface of the egg case the former almost entirely obliterates the pittings
on its surface, while the peg-like processes on the inner surface of the latter are

not in any way affected.

Keichensperger was able to comfirm the preceding observations of Ludwig,
and he found further that as the peg-like processes on the inner surface of the

egg case decreased in size the outer surface developed very much smaller fine-

pointed processes, so that the fully matured egg is covered with fine prickles.
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In Isometra vivipara the eggs are inclosed in a thin membrane, which to a

greater or lesser degree, but never entirely, has the appearance of a fine network.

In Tropiometra picta the fertilization membrane is finely sculptured and closely
beset with small spines.

EOQS.

Seeliger states that the eggs of Antedon adriatica just extruded and fixed in

sublimate-acetic acid average 0.25 mm. in diameter, individual eggs reaching
0.30 mm.

On account of the abundance of yolk material the eggs are very opaque, so

that only the earliest cleavage stages can be studied in the living object.

The eggs of different animals differ in size, transparency, and color, but with

trifling variations all the eggs of any one individual are alike.

Usually the eggs are yellowish or light reddish, though often quite white.

When white they are almost always entirely opaque.

Bury says that the eggs of Antedon mediterranea are 0.30 mm. in diameter.

Wyville Thomson gives the diameter of the eggs of Antedon biftda when fully

grown as 0.50 mm.
REGENERATION.

The power of regeneration is most highly developed in the comatulids, penta-

crinites, and bourgueticrinites, and least in the Plicatocrinidze and, so far as we

Imow, in the Holopodidse.
In the pentacrinites it is very common in Metacrinus, nearly as common in

Isocrinus, less noticeable in Endoxocrinus, and rare in C'

omastrocrinus and Hypa-
locrinus.

This is not the result of a greater inherent ability to regenerate in Metacrinus

and Isocrinus, but arises from the fact that they run up into the shallowest water,
for the proportion of regenerated individuals decreases rapidly with depth, regard-
less of species.

Among the comatulids regeneration is very common in all littoral species,

but with increasing depth becomes less and less frequent.

Broadly speaking, it appears to occur to a much greater extent in the Macro-

phreata than in the Oligophreata, though partially regenerated cirri have been

mostly recorded in the latter.

It is quite possible that this is connected with the larger chambered organ of

the Macrophreata, ;
and it is also possible that it is the small size of the chambered

organ which to a large degree limits the extension of the pentacrinites and such

comatulids as the Thalassometrinse and the Charitometridse toward the surface,

since as a result of wave action breakage is most common in the littoral, and

without a large chambered organ a crinoid. unless unusually tough, could not repair

its injuries with sufficient rapidity to survive.

Minckert divides arm regeneration into the following types :

(a) Reproductive regeneration, resulting in a simple replacement of the lost

part.
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(b) Augmentative regeneration, resulting in an increase in the number of arms.

1. Duplicative regeneration, resulting in the formation of an axillary from
which two arms arise in the place of a single undivided series of

brachials.

2. Multiplicative regeneration, resulting in the formation of two or more
axillaries each followed by two series of ossicles in the place of a

single undivided series of brachials.

(c) Reductive regeneration, resulting in the replacement of a lost axillary by
a single arm.

Minckert noted that among the comatulids studied by him from 75 per cent

to 90 per cent of the fractures in the arms were at the syzygies.
In specimens of Isocrinus Reichensperger found regenerating buds in the

following situations : Seventeen on the distal ends of hypozygals, 10 on the distal

ends of IBrn 7 on the distal ends of radials, and 2 on the distal ends of outer

brachials.

Thus in Isocrinus as brought up in the dredge 75 per cent of the brachial

fractures are at nonmuscular articulations (47 per cent at the syzygies and 28

per cent at the synarthries) . After the syzygies and synarthries fracture is most
common on the distal ends of the radials.

If an arm be broken off at the radials, necessarily a portion of the disk comes

away with it. This regenerates first, and for a considerable time shows no
trace of ambulacral grooves, which first appear after the new arm has reached

an appreciable size.

Perrier observed that Antedon mediterranea does not thrive in direct sunlight.
When the light becomes strong the animals roll up their arms, and if the exposure
is too prolonged, or is repeated too often, the arms are cast off. Minckert, bear-

ing in mind the fact that the majority of the multibrachiate species live within

the zone above the 400-meter line, suggests that possibly it is the influence of

the sunlight which induces the young to cast their arms in adolescent autotomy.
It is more probable, however, that the arms break off as a natural result of

growth changes.
Total loss of the pinnules is relatively rare, but these organs are commonly

broken off at the base, or lose their distal portion. This is particularly true

of the long oral pinnules when they are stiffened, as in the Stephanometridse. It

sometimes happens that a lost pinnule will regenerate a more or less rudimentary
arm.

In types with very prominent disks, which habitually live with the arms widely

extended, such as the species of Calometridas, Zygometridre, and Antedoninee,
individuals are frequently dredged in which the original disks have been lost

and a new disk is in process of formation. In all the species of Calometridse,
and in the species of the genera Eudiocrinus and Catoptometra in the Zygometridse,
eviscerated specimens are usually in the majority, while numerous cast-off disks

are found in the bottom of the dredge. Though the first species of Eudiocrinus
was described in 1868

,
it was not until the last 10 years that the character
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of the disk was known. The first notice of a species of Zygometra, also published

in 1868, was based upon a detached disk, which was described as a recent cystid,

while the type species was called microdiscus on account of the original specimen

possessing a disk only half grown.
In types in which the arm bases make a relatively small angle with the

dorsoventral axis, and therefore inclose the visceral mass on all sides except the

ventral, as in the Thalassometridae, Charitometridae, and Atelecrinidae, loss of

the disk rarely, if ever, occurs, and no cases of regeneration of the disk have

been recorded. It appears to be extremely rare in the remaining families.

Spontaneous evisceration has never been proved in any species.

Individuals with one, or even two, radials regenerated have been noted in

Ptilometra miilleri, Antedon bifida, and A. mediterranea, and in a few other

species. Loss of a radial can only come about through a serious accident.

Eegeneration of the cirri occurs throughout the comatulids but is not so

common as the regeneration of the arms and pinnules. In the macrophreate types

the cirri, which are very fragile and often deciduous, are usually (but not always)

lost in their entiety, and total regeneration supervenes. In the oligophreate

types, in which the whole animal is usually less fragile than in the Macrophreata,

the cirri are commonly broken off at some distance from the base, and the distal

portion regenerates, though loss of the entire cirrus and total regeneration also

occurs. Partial loss of a cirrus is common in the species of Tropio?netra, and is

not rare in the species of Charitometridse and of Ptilometra. Elsewhere it is

of more or less casual occurrence. In certain species of Thalassometridae with

long conical centrodorsals the earlier cirri are cast off and replaced by short,

irregular, rounded-conical spines with their tips crowned with spinelets.

In total regeneration of the cirri, as described by Minckert and seen in species

of Crinometra, a small peg-like process appears on the cirrus socket in the central

canal. As this increases in size segmentation makes its appearance, and it becomes

divided into a number of narrow rings which in the proximal portion soon become

short cylinders though remaining ringlike distally where the new segments are

formed.

Regarding Antedon bifida at Roscoff, Perrier writes that nothing is commoner

than to find arms which are in process of regeneration. The animals do not break

up spontaneously, and they are not even as fragile as many ophiurans of much

larger size
;
but the movements of the waves, their habit of entangling themselves

with each other and with the branches of the seaweeds among which they live,

as well as the actions of the animals living in the same habitat, cause a considerable

amount of mutilation.

The mutilation is not of long duration, for the lost parts very soon regenerate.

At the end of a few days a white digitation appears on the stump, and the lost

member, pinnule or arm, soon is replaced.

On August 9 Perrier removed the extremity of an arm of a carmine Antedon

which had been kept in a basin for eight hours. Near it was a vermilion Antedon

with all the arms but three cut off more or less near the base and in process of
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regeneration. Each of the stumps was surmounted by a small digitiform process,

white in color.

On August 14 he reexamined the carmine Antedon and found that a digiti-

form process 1 mm. long had already formed, resembling those of the vermilion

Antedon.

The next day he examined carefully the regenerated arms of the latter. At

the base of each of the digitiform processes a pair of long pinnules had already

formed, and beyond them were numerous young pinnules in various stages.

Perrier believes that 8 or 10 weeks should suffice for the complete regeneration

of an arm.
POSSIBLE EXTENT OF HEOENERATION.

As a result of his studies at Naples Przibram found that Antedon mediter-

ranea (a) is able to regenerate an excised fifth, comprising an arm pair, the corre-

sponding part of the disk, and parts of the centrodorsal and cirri; (&) entirely

halved examples can regenerate the lacking two arm pairs and single arm; (c) a

fifth of an animal can regenerate at least an arm pair (during which process the

cirri fall off) ; (d) before these operations the disk can be removed without hinder-

ing the regeneration, and will itself always regenerate (whether after regeneration
the anal tube occupies the same interradius as before has not been determined) ;

(e) after the removal of the disk the floor of the calyx may be completely scraped

without hindering the regeneration of the disk; (/) if all the arm pairs are cut

away close to the base these, together with the disk which is cast off after the am-

putation of the two arm pairs, will immediately regenerate; (g) if all the arm

pairs are cut away in such a way that only the centrodorsal and the cirri are left,

these die without regenerating; (k) on the contrary, an arm pair can regenerate

at least another rudimentary arm pair, though it is questionable whether or not a

small piece of the calyx is necessary; (i) single arms regenerate nothing; (j)

single pieces of the calyx regenerate nothing; (&) if the cirri are all cut away they
will not regenerate, at least in the time in which the other regenerations are com-

pleted; (I) if the cirri together with the distal part of the centrodorsal are cut

away the open wound heals over, but no regeneration occurs, at least in the time

in which the other regenerations are completed; (TO) if the disk is lost it at once

regenerates ; (n) if the centrodorsal with the cirri be removed and the central ner-

vous system be entirely destroyed the animal in a short time dies, even though the

parts remaining if separated possess the power of regeneration to a greater or

lesser degree; (o) if after the removal of the disk the central nervous system is

destroyed the animal dies.

Przibram notes that the negative results are perhaps subject to future correction,

especially since they are based upon relatively few experiments.
It is interesting that the destruction of the central nervous system causes death

if the animal be left entire, while separated parts remain alive and will to a greater
or lesser degree regenerate.

Detached disks or portions of disks will not regenerate, though they remain

alive for several days.
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The regenerative powers of the disk are summarized by Przibram as follows :

Kegeneration of an anal tube cut away proceeds regularly and the functioning

of the new anus can be observed after one month. Kegenerative power, therefore,

is not lacking in the disk, and its incapacity when detached to exist or to regenerate

may be ascribed to the absence of sufficient ectodermal parts, and especially to the

absence of a sufficiently large portion of the ectodermal nervous system.

A disk half detached grows again entirely onto the calyx.

The following methods are employed to hinder the immediate return of the

disk to its original position: The detached half was cut away; the calyx lining

under the loosened half was removed
;
a strip of gummed paper was inserted under

the loosened half; and the oral pinnules, in the normal condition held above the

disk, were inserted under the detached portion.

In the two last cases the disks were cast off; in the first two they grew com-

pletely on again, and since subsequently the disk were not always orientated accord-

ing to the orientation of the arms, it is to be assumed that the disks themselves

have assisted the regeneration to a certain degree.

Disks can be transplanted from one animal to another if the original orienta-

tion is preserved. If not cast off the disks grow fast in their new position in about

a week.

Transplantation of the disk has no effect upon the color of regenerating arm

tips, which remain of the same color as before the disks were exchanged. In these

experiments caution is necessary, for regenerating arm tips of a yellow specimen

are sometimes red, and in the case of transplantation of the disk it would be easy

to ascribe this to the influence of a new red disk.

Beichensperger carried out experiments along the same lines. He cut off

the arms of five specimens at the radials without injuring the latter. In all cases

the disk was immediately thrown off. After four months two of the specimens

had regenerated five arms, from 1.1 mm. to 1.3 mm. in length; the other three were

dead. If during the amputation the radials are inj ured no regeneration will occur.

When the central capsule of armless specimens was injured with a fine pin no

regeneration took place; but in two of the three specimens in which four or five

brachials were preserved regeneration set in in spite of the injury to the cen-

tral organ.
If after the removal of the arms the dorsal cord in the radials be injured, re-

generation never occurs, even if the IB^ be preserved.

Eeichensperger believes that his investigations appear to confirm the existence

of a regenerative zone at the base of the arms, and concludes that a certain mini-

mum of the substance of the dorsal nervous system, and especially of the wandering

cells, must be present uninjured to give rise to regeneration.

Eeichensperger found that single arms would regenerate nothing, and that

arm pairs regenerated only if attached to a part of the calyx which contains a

fragment of the central organ; but in the latter case if the distal brachials be

removed or the arms otherwise injured no regeneration occurs.

In the arms regeneration takes place with equal facility at all points, on the

distal end of any brachial, or on any fractured surface within the substance of any
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brachial. The articular facets of the nonmuscular articulations are especially

fitted for regeneration only because they are especially adapted for autotomy.
On December 15 Reichensperger removed all the cirri from eight specimens;

on January 17 the first signs of regeneration were visible; on February 20 three

showed large regenerating buds, and two additional had buds still further ad-

vanced
;
on March 7 from five to seven cirri on each animal had attained about one-

third of the normal size. The remaining three animals, though still living, showed

no trace of regeneration on March 7.

Regeneration of the cirri, though it occurs, proceeds with extreme slowness.

Reichensperger met with only 11 cases of partial regeneration of the cirri in

Antedon mediterranea. Minckert records one in Tropiometra picta, and P. H.

Carpenter one in Tropiometra carinata (tpicta).
In 2 of the 11 cases noticed by Reichensperger, regeneration took place after

fracture from natural causes, once from the third and once from the seventh seg-

ment. In the other 9 the fracture was artificial, and in these 8 regenerated from

the end of an ossicle, and 1 from a cut through the middle. About 170 cirri were

used in the experiments, but most of the stumps were cast off by autotomy.

INFLUENCE OF DIFFERENT FACTORS ON REGENERATION.

Reichensperger confirms previous investigators when he says that the more

unimportant the lost parts are the slower, in general, is the regeneration; the

larger the portion removed the quicker and stronger will regeneration set in.

So far as it is possible to estimate, a regenerating arm with a IBrj as a base

grows about twice as rapidly as one arising from one of the distal brachials.

If on one animal all the arms are cut away at about the tenth brachial, and

on another animal of equal vigor only one or two, in general the regenerating
buds on the animal deprived of all its arms will reach a length of 0.7 mm. to

0.8 mm. when those on the other are at the most 0.4 mm. or 0.5 mm. long.

During a stay of over five months' duration at Naples Reichensperger was

not able to determine any exhaustion of the powers of regeneration in the arms

of Antedon mediterranea.

In three vigorous animals he broke off individual arms at the syzygy between

the third and fourth brachials, at intervals of from 8 to 10 days. They always

regenerated with almost equal perfection and speed. In two cases the experiment
was carried out 12 times on the same animal, and in one case 14 times. There is

no difficulty in inducing regenerating buds of the second, third, and even fourth

order in any location.

The assimilation of food can play only a slight part in influencing regener-
ative processes. There is practically no difference in the rapidity of the regener-
ation between animals with and without disks. Specimens which are in process
of regenerating extensive portions of the arms rarely show the visceral mass

extended with food; in fact, it is shown by sections through the visceral mass
of rapidly regenerating animals that the alimentary tract is almost always empty.
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There is no perceptible difference in the speed of regeneration between animals

in water with an abundant supply of food and animals in water with a minimum
of food.

There is also no difference in the speed of regeneration between animals with

fully developed sexual products and those from which the sexual products have

been given off. If several weeks before sexual maturity large portions of the

arms be cut away regeneration takes place on an injured arm in conjunction with

the undisturbed maturation of the sexual products. The pinnules remaining on
the proximal portion of an amputated arm develop the sexual products simul-

taneously with those on uninjured arms. Thus the maturation of the sexual

products is not affected by regenerative processes, and the material intended

for the former is not diverted to the latter.

POLOR OF REGENERATING PARTS.

In the crinoids as a whole regenerating parts are usually yellow, more rarely
whitish or pink, and much lighter than the remaining portions of the animal.

This is especially evident in dark-colored types in which the contrast between
the original and the new structures is often strongly marked. But in the lighter
colored species exceptions are frequent, and in Antedon red regenerating buds
on yellow arms or brown on whitish specimens are commonly met with.

The specimens of Isocrinus and Metacnnus are often quite white in color

when alive, and if dark the color quickly changes or entirely disappears in alcohol.

In preserved material regenerating parts as a rule are lighter than the rest of the

specimen, though often indistinguishable. In the latter case it is quite possible
that the color may have been different in life.

VISCERAL MASS.

It is well known that in many of the comatulids the visceral mass is more
or less readily lost and is soon regenerated without any apparent inconvenience.

The facility with which this occurs varies greatly in different groups. In the

Comasteridse it appears to be very exceptional. Only very few specimens without
disks have come under my notice, and in these the disks were evidently lost as

a result of very rough methods of capture. No case of a regenerated disk in

this family is known.
In the Zygometridse, on the other hand, the loss of the visceral mass is a

very frequent occurrence, both under natural conditions and as a result of capture.

Indeed, so easily is the disk lost that it is as yet unknown in several of the species
of Catoptometra and Eudiocrinus, and in one of the species of Zygometra. The
detached disk of a species of the last-named genus served as the type specimen
of Loven's Hyponome sarsii, described as a recent cystidean, while another species,

microdiscus, was so named because of its small disk, which in the type specimen
is in the early stages of regeneration.

In the Himerometridse loss of the disk occurs, but is extremely rare.

In those species of Mariametridse which have narrow and well-separated
division series, such as the species of Pontwmetra and TAparometra and a few
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other forms in the remaining genera, the disk is sometimes lost, though, speaking

generally, in this family loss of the disk is very unusual.

In the species of Stephanometridse individuals in which the disk has been

lost are not uncommon.
The species of Colobometridse all lose their disks rather easily, especially the

10-armed species and the species of Cenometra. In one of the species of this

genus which is known from only two specimens, C. emendatrix, the disk has not

been observed except in the early stages of regeneration.

The Tropiometridce are extraordinarily tough, and in this family loss of the

disk, as well as loss of any other part of the body, is rare.

In the Calometridae, especially in the genus Neometra, the attachment of the

visceral mass is peculiarly weak, it being more frequently lost even than in the

Zygometridae.

Among the species of Thalassometridse and Charitometridse loss of the disk

is as a rule very exceptional, since in these families, as a result of the compression

of the division series and arm bases, it is entirely inclosed both dorsally and

laterally. The only genus in which the disk is frequently lost is Strotometra,

which is characterized by the absence of the protective approximation of the

division series.

Loss of the disk is common in the subfamily Antedoninae, in which the division

series are narrow and in life are extended almost at right angles to the dorso-

ventral axis
;
but in the other macrophreate types it is very rare, and quite unknown

in the Atelecrinidse and Pentametrocrinidse.

As a general rule, it may be stated that comatulids having well separated

rays, a convex disk, and a patent habit lose their visceral mass readily, especially

if it be plated; but those with the rays and division series in close contact or

with the ventral surface of the disk normally flat or more or less concave lose

their visceral mass seldom, or not at all.

Prof. Arthur Dendy has made a special study of the regeneration of the

visceral mass in Antedon bifida, his observations having been carried out at Mill-

port on the Clyde.
It was first noticed in 1592 by Fabius Columna that the visceral mass of

Antedon mediterranea was readily separated from the rest of the animal. Dr.

W. B. Carpenter remarked the same thing in Antedon biftda at Oban, while the

naturalists of the Challenger expedition often noticed it in various other forms.

Prof. A. Milnes Marshall had observed its frequent occurrence in Antedon medi-

terranea at Naples, and had found that it was easily brought about by artificial

means. He also observed that after evisceration regeneration promptly began,
and he collected a series of specimens for the further study of the process which

he turned over to Professor Dendy, and it is upon these that part of the latter's

studies are based.

Dendy noticed that the concave surface of the calyx is lined with a thin

layer of connective tissue, on which the visceral mass rests and to which it is very

closely attached.
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FIGS. 859-867. SIDE AND COVERING PLATES OP VABIODS COMATULIDS (DRAWINGS BY AUTHOR). 859. OCBANO-
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When removed from the calyx the visceral mass is a roundish ball from a

quarter to half an inch in diameter and somewhat flattened on the ventral surface.

The dorsal surface, which normally rests on the calyx, is covered by a compact

layer of connective tissue which has a silky appearance on the outside. In the

center of the dorsal surface is a minute perforation which serves for the passage
of the central plexus from the chambered organ into the visceral mass. The
ventral surface is covered with epidermis overlying connective tissue, continuous

with a similar covering on the ventral surface of each arm.

In some specimens of Antedon bifida the visceral mass is very easily removed

from the calyx by pushing it aside with a blunt needle, but it is a noteworthy
fact that this evisceration can not be effected with equal ease in all cases, for

while in some specimens the visceral mass comes away almost with a touch, in

others it adheres firmly to the calyx and can not be brought away at all except

by tearing it all to pieces.

While at Millport he observed that specimens were dredged which had

already lost their visceral masses. At first he was inclined to think that the

animals cast them out of their own accord on being irritated, but this must

be regarded as very doubtful, for owing to the slight manner in which they
are generally attached to the calyx, the visceral masses might have been torn out

by rough treatment in the dredge.
It was observed that the naturally eviscerated specimens had the genital

products more or less undeveloped, while those with the pinnules distended had

the visceral mass more firmly attached to the calyx. Dendy supposes that the

necessity for uninterrupted nutrition at the breeding period may account for the

greater tenacity of the visceral mass during this time.

Removal of the visceral mass appears to affect the animals but little. At
first they fold their arms over the calyx, but this condition does not generally last

long, and in an hour or two, when they have once recovered from the shock, their

vigor seems to be unimpaired.
It is evident that evisceration involves tearing of the epidermis and dermis

in a more or less regular circle all around where the arms join the disk, and

that the ambulacral grooves and nerves, together with the ambulacral vessels, must

also be torn across. The central plexus must also be broken across.

Isolated specimens of the visceral mass of Antedon bifida were observed by
Sir Wyville Thomson to perform slow creeping movements, but Dendy noticed

nothing of the sort; the visceral masses appeared to remain quite still and to

slowly decay.
The central capsule, together with the nerves radiating from it to the arms,

is uninjured by the operation. The line of tear along which the oral perisome
has been separated from the integument of the arms is very distinctly marked;
each ambulacral groove is torn sharply and suddenly across, generally at about

the level of the base of the oral pinnules.

Between any two adjacent arms or pairs of arms is a tightly stretched trans-

lucent membrane bounded by a free incurved edge which marks the line of tear

interradially and radially. These membranes form an important part of the floor
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of the visceral basin and assist in supporting the visceral mass. It will be seen

that the line of tear forms the edge of the visceral basin. This edge does not main-
tain an even curvature all the way around but is deeply notched. There are 10 of

these notches or bays, one between the two arms of every pair, and one between
each two adjacent arm pairs, the latter being a good deal the deeper.

The floor of the visceral basin is lined with an exceedingly thin transparent
membrane of connective tissue through which the muscles between the calcareous

ossicles are very distinctly visible. The degree of distinctness with which these

muscles are visible beneath the overlying regenerating tissues forms, during the

earliest stages, a good indication of the amount of regeneration which has taken

place.

By comparing sections of an uninjured specimen and sections of an isolated

visceral mass it is found that the separation of the visceral mass takes place
between two layers of connective tissue, one lining the visceral cavity, the other

covering the aboral surface of the visceral mass.

Forty-three hours after evisceration specimens of Antedon bifida exhibit a

thickening of the connective tissue lining of the floor of the visceral basin. The
interarticular muscles are much less distinct, though still plainly visible. The

thickening is more marked around the edges of the injured area than in the center,
so that the muscles between the radials and IB^ are much more distinctly visible

than those between the second primibachs and the IBrv In one specimen of this

stage Dendy found the outer circle of muscles nearly hidden by the ingrowing
mass of connective tissue. The line of tear along which the visceral mass has been

separated from the calyx no longer appears sharp and distinct.

At two days the new growth of connective tissue, which had commenced
at 43 hours, has proceeded farther. The muscles on the floor of the visceral basin

are all completely hidden by the newly formed tissues. The line of tear is marked

by the sudden stopping of the lappets and pigment spots along the borders of the

ambulacral grooves. In sections it is seen that the surface of the regenerating
cushion of tissue is covered by a thin, deeply staining layer, which is apparently
formed by the arching over and ingrowth of the edges of the injured area. This

layer is formed of two parts an upper, which is probably epidermal, and a lower

dermal. The deeper connective tissue layer is continuous with strands of the

same substance which have grown out from the floor of the visceral basin. In

the center, above the chambered organ, the superficial layer of this regenerating
visceral mass is still incomplete, so that on looking at it from above two or three

little holes are visible in the center leading down to the chambered organ. The

regenerated cushion of tissue is still very thin, averaging in thickness only about

half a millimeter.

Regeneration, then, appears to commence in two chief ways (1) by a series

of outgrowths from the thin layer of connective tissue which forms the floor of the

visceral basin, and (2) by an ingrowth of connective tissue and epidermis from
the edges of the injured area forming a roof to the visceral basin.

At the next stage the new visceral mass is seen to have grown and has thick-

ened considerably. The openings leading down to the chambered organ are now
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closed over. In the center of the regenerating visceral mass is a small opaque

papilla, probably due to the thickening of the epidermis preparatory to the forma-

tion of a mouth, but unfortunately Dendy's sections were not sufficiently well pre-
served to decide the point.

Sections show that regeneration has proceeded as far as the formation of a

cushion of loose connective tissue, much thicker than at two days, and covered by
the deeply staining epidermic layer before mentioned. The growth of connective

tissue is especially strong underneath the point where the mouth is subsequently
to be found, so that we have here a pillar of denser connective tissue reaching from
the top of the rosette to the roof of the visceral basin and thickest just beneath the

epidermal layer.

The central plexus is very well shown; but in these sections and in those of

later date there is no means of telling how much of it, if any, has regenerated and
how much was left after evisceration.

The ambulacral system has begun to regenerate, as is shown by the presence
of new ambulacral pores. On examining one of these more closely it is seen to be

vesicular, lined with columnar epithelium and opening to the outside; no internal

opening is yet visible.

Another specimen supposedly, like the preceding, of three days' growth, is

much more advanced, the mouth and alimentary canal being present. In other

respects it is similar. In the center of the visceral mass is a depression; the

epidermis covering the depressed area is thickened, and in the center is a small

mouth leading obliquely downward into a feebly developed alimentary canal. The

alimentary canal has already the characteristic form found in normal specimens,

taking one turn in a horizontal plane and ending in an interradial anus. The
most remarkable feature about it is the rudimentary condition of its walls. In

histological characters the walls of the alimentary canal are almost indistinguish-
able from the roof of the visceral basin, and to all appearances have been formed

by an invagination of this roof.

The roof of the visceral basin is composed of two layers externally a thin

layer of minute, rounded, deeply staining cells, which are probably epidermal, and
beneath this a thicker layer of connective tissue cells, which stain less deeply.

In the floor of the central depression already mentioned the epidermal cells

show a slight tendency to become columnar. The walls of the alimentary canal are

composed of exactly the same two layers a layer of more deeply staining cells

which corresponds to the epidermal layer of the roof, but is now, of course, on the

inside, and outside this a layer of connective tissue. The cells of the inner layer
show a tendency to become columnar, and this layer is more distinct than the

epidermal layer of the roof. The lumen of the alimentary canal is very small and
its walls are very thin and but slightly folded. There is no trace of an anal cone ;

the anus itself is represented by a minute perforation in the roof of the visceral

basin. The walls of the last part of the intestine just before reaching the anus are

quite indistinguishable from this roof. There is no decisive evidence as to the

manner in which the alimentary canal is formed
;
but there appears to Dendy to be

a strong probability in favor of the view that it is formed by invagination, the



MONOGRAPH OF THE EXISTING CRINOIDS. 423

inner glandular layer of its walls being formed from invaginated epidermis, and the

outer connective tissue layer from the underlying dermis.

At five days the condition is about the same; the alimentary canal is very
small and almost solid, the inner layer of its walls being composed of minute

deeply staining nucleated cells, more or less rounded in shape and showing a slight

tendency to become columnar in places, and being histologically indistinguishable
from the tissue covering the general surface of the disk. Here, again, the ali-

mentary canal appears to have been formed by invagination, accompanied by rapid

proliferation of the cells of the epidermis. In the specimen described this pro-
liferation has formed a thick mass of minute cells projecting on the surface at one
side of the mouth. No anal cone is yet visible. The terminal portion of the in-

testine touches the roof of the visceral mass, but no definite opening was found. No
ambulacra! nerves or canals are as yet visible around the mouth. A number of

new ambulacral pores have been formed, apparently by invagination; the epi-
thelium lining them is at first not distinctly columnar.

At nine days the boundaries of the ambulacral grooves are seen to have met
and formed a pentagon around the mouth. They inclose a slightly depressed area,
with the mouth in the center, and appear as thickish white ridges, in some places

notched, showing where lappets are beginning to regenerate.

Dendy believes that the ambulacral grooves are, from the first commencement
of regeneration, left as areas along which the thickening of the regenerating tissue

is not so great as elsewhere. This thickening takes place centripetally in five dis-

tinct areas, one in each interradius. As these grow inward the ambulacral grooves
and the central depression around the mouth are left as less thickened portions.
The mouth is oval, runs obliquely downward, and is now for the first time dis-

tinctly bounded.

The beginning of the anal cone is visible as a small conical papilla placed inter-

radially. In sections the alimentary canal is seen to be fairly well developed ;
it

contains food refuse, indicating that its use has begun.
The epidermis covering the depressed areas around the mouth is now com-

posed of columnar nucleated cells and passes gradually into the inner lining of the

esophagus, the cells of which are still more columnar.

The walls of the stomach are also composed of the usual two layers an inner

layer of columnar nucleated cells and an outer layer of connective tissue. This

outer layer is connected with the loose connective tissue filling the body cavity.

In the specimen described the cells forming the inner Avail of the alimentry canal

have become columnar right up to the anus. The anus is very minute and is situ-

ated on the top of a small papilla. The columnal cells lining the cavity of the

anus are very small and pass gradually into the epidermal cells covering the rudi-

mentary anal zone
;
the epidermal layer at this point is thickened. In the region of

the stomach the walls of the alimentary canal are beginning to become folded,

especially on the axial side, and on this side also the glandular layer is thicker.

In another specimen of this age, which appears not to have advanced quite so

far in regeneration, the alimentary canal, as it approaches the anus, narrows very
much. Its inner wall, which in the first part of its course is composed of the usual

142140 21 Bull. 82 29



424 BULLETIN 82, UNITED STATES NATIONAL MUSEUM.

columnar cells, here consists of a layer of very minute cells, such as line the whole

of the canal at an earlier date, and identical with the cells covering the general

surface of the disk. In thickness this inner layer is very irregular, and the cells

composing it appear to be rapidly proliferating. At its extreme end they block up
the lumen of the canal so that the latter appears solid and the end of the canal

fuses indistinguishably with the layer of similar cells covering the general surface

of the disk. At the point of fusion there is a thick mass of these minute round

cells forming a little elevation on the surface of the disk. This indicates the posi-

tion of the future anal cone. Dencly was unable to find a distinct anal opening in

the specimen. He believes that the facts support the view that the alimentary

canal is formed by imagination from the oral end.

At 12 days no great advance has been made on the condition presented by a

nine days' specimen. In one specimen the pentagon around the mouth, formed by
the lips of the ambulacral grooves, has become notched into lappets all the way

around, and in sections the alimentary canal is seen to have become very consider-

ably complicated and folded upon itself. In sections of another specimen of this

age the ambulacral epithelium and canals can be traced across the disk very nearly

to the lip of the mouth
; they present the same features as in the normal specimens ;

thus the canals exhibit the transverse muscle fibers found in ordinary specimens.

The anal cone is still very small.

At 19 days little advance is to be noted except in the further growth of the

anal cone, which is now fairly well developed. Sections show a large body cavity

in the anal cone, surrounding the terminal portion of the intestine, which latter

is attached to the body wall by strands of connective tissue.

In sections of a specimen of 21 days a blind diverticulum is visible, given

off from the alimentary canal at the junction of the stomach with the esophagus,

as described by Ludwig in the normal animal. There is little to distinguish a

regenerated specimen of this date from a normal adult excepting the smaller size

of the visceral mass and the want of pigment upon it.

The 43-hour stage is described from specimens of Antedon bifida taken at

Millport on the Clyde, the other stages from specimens of A. mediterranea from

Naples.

Dendy suggests that, as the crinoids can have no possible power of food selec-

tion, the facility of regeneration of the visceral mass may be an acquired provision

for the rejection of poisonous or obnoxious food which has found its way into the

alimentary canal.
DETAILS OF ABM REGENERATION.

The histological details of arm regeneration have been studied by Perrier,

and more recently by Reichensperger. The former in 1872 recorded the outward

appearances of regenerated parts, and the inner structure, so far as it could be

made out in stained and cleared specimens, while the latter worked along the

most modern lines.

Closure of the wound and degeneration of the cell elements. Immediately after

the fracture a certain amount of fluid escapes from the water vessel and from the
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FIGS. 868-873. SIDE AND COVERING PLATES OF CALYPTOMETRA LATERALIS (DRAWINGS BY AUTHOR). 868.

OUTLINES OF six COVERING PLATES. 869. FIVE SIDE AND COVERING PLATES. 870. SAME. 871. SAME,

FROM BASE OF PINNDLE OVER GENITAL GLAND, SHOWING SUPPLEMENTARY SIDE PLATES WITHOUT
COVERING PLATES. 872. SIDE PLATE, VIEWED FROM INTERIOR. 873. SIDE PLATE VIEWED VENTRALLY.

ALL x 100.
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In the regenerating arm the nerve fibers at first lie directly upon the endo-

thelium of the dorsal canal, and it is some time before the lateral ingrowth of con-

nective tissue and the development of the calcareous substance of the ossicles forces

them away from the dorsal canal and into their normal position.

Subsequent growth of the dorsal nerve cord proceeds normally. It is ensheathed

by wandering cells, and ganglion cells can be made out along its course. At four

points the latter occur in considerable numbers, and in these regions the cord

thickens and becomes drawn out into branches which lead to the ends of the dorsal

ligaments, and which, in combination with the ganglion cells previously described,

which at first are somewhat elongated and possess numerous processes which later

unite with the nerve fibers, innervate the dorsal ligament.
The rebuilding of the ventral portion of the mesodermal nervous system, which

runs on either side of the water tube, follows a course parallel to that of the dorsal

portion of the same nervous system, but lags behind the regeneration of the other

brachial elements.

The two ventral nerve cords are formed from the endothelium of the water

vessel by a proliferation of cells into the connective tissue, which results in a

thickening of the walls on either side, and from the elements of these thickened

walls ganglion cells are differentiated : in other words, they arise exactly as the

dorsal nerve cord.

Reichensperger found that the destruction of the dorsal nerve in the stump of

a mutilated arm usually induces autotomy beyond the injured region; but if this

does not occur regeneration is retarded for about 10 days, suggesting that it is

necessary for the nerve to regenerate before a general rebuilding can take place.

From this he assumes that it is the dorsal nerve cord which plays the most im-

portant part in regeneration. It is possible, however, that the retardation of

regeneration under these conditions results rather from the effect on the wandering
cells than from the damage to the nerve itself.

It is probable that in the larvae the development of the mesodermal nervous

system will be found to follow the lines indicated by Reichensperger in regenerat-

ing pinnules and arm tips, for in regeneration the ectodermal nerves follow the

same course as in ontogeny.
Since it has been demonstrated that in the young larvae the ectoderm so com-

pletely fuses with the mesoderm that no dividing line can be found between them,
the idea suggests itself that the so-called mesodermal nervous system in reality

owes its origin to cells primarily ectodermal which have passed downward into the

mesodermal tissues.

During the early stages of regeneration the cells in the connective tissue

become more and more noticeably differentiated, and the epithelial cells with their

supporting processes become more and more distinct from those of the underlying
cutis. Correlatively the evagination of the tentacles from the water tube begins,

which is accompanied by a parallel extension of the connective tissue and epi-

thelium of the arm on the ventral side. A process similar to that which has taken

place in the endothelium of the dorsal canal now occurs in the single-layered epi-

thelium of the ambulacral groove. Several layers of cells are formed which
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undergo wide differentiation. First, moving out from the innermost portions,

ganglion cells appear, though only in relatively small numbers, followed by sup-

porting cells, and later, when the tentacles have entirely regenerated, epithelial

gland cells are formed. The schizocoele cavity appears rather early. The cilia

are rather later in making their appearance.

Eeichensperger believes that the rebuilding of the epithelial nerve layer for

the most part can be traced back to the outgrowth of the original nerves, but that

the newly formed ganglion ceils also assist in the reconstruction to some extent.

Genital cord. The genital cord undergoes extensive degeneration. In in-

dividuals not sexually mature it shrivels and disintegrates as far as the branch

given off to the preceding pinnule, though in sexually ripe animals the degenera-

tion is much less far reaching. In both cases regeneration proceeds in the same

way, proceeding exclusively from the unchanged portion and progressing rapidly

once it has set in.

First a bud is formed from the approximate walls of the genital canal and

genital tube, to which the genital cord apparently also contributes. This bud

penetrates the very loose connective tissue which separates the divisions of the

brachial ccelome, and its various elements become reasserted.

Differentiation of the elements in the genital cord occur very early, numerous

cells becoming converted into germ cells.

Muscles and ligaments. In well-advanced regenerating buds the first indica-

tion of the formation of the muscles and ligaments consists in the accumulation of

mesenchyme cells in certain definite regions. The muscle cells make their appear-

ance somewhat later than those of the dorsal ligament, and at first are only with

difficulty distinguishable from the latter.

The dorsal ligament cells are oval and somewhat elongated, with a finely

dotted plasma and a moderately large nucleus, containing usually several large and

many small nuclear bodies. They collect at the ends of the ossicles and move

toward the dorsal nerve cord, in the immediate vicinity of which the oldest cells

are found.

The cells now elongate, and fine fibers can be made out. Whether these fibers

are internal, or whether the cell rests upon them, has not been definitely determined.

When the formation of the fiber bundle is completed the cells are entirely

different in appearance. The nucleus stains so intensively that no details can be

distinguished. The amount of the now homogeneous cytoplasm gradually dimin-

ishes until it is present only as a thin clear film about the nucleus. From the cells

more and more fine fibrils are produced whicli in the middle lie closely together,

but at either end become spread out brush-like and, gradually turning toward each

other within the meshwork of the skeletal pieces, finally meet, producing regular

bows or loops. These loops lie usually in several or numerous rows, and the

farther they are from the middle of the fiber bundle the more isolated are the

fibers and the more difficult it becomes to differentiate them.

Often, especially in the earlier stages, only the fibers of a single bundle join to

form a loop, but later the fibers of neighboring bundles become knotted together.
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Each fiber bundle, and not each individual fiber, possesses a nucleus, and,

though the individual fibers of each bundle are more or less widely separated at

the ends, they are all closely packed together in the middle.

The muscles arise from elements which are quite similar to those from which

the dorsal ligaments are formed. The primitive muscle cells are somewhat larger

than the primitive ligament cells, and their plasma appears streaked rather than

dotted. The nuclei possess a single prominent nucleolus. Before such cells are

further differentiated a mitotic division almost always occurs, preceded by a dark-

ening of the nucleus and a disappearance of the nucleolus.

After this division, which takes a normal course, the two daughter cells, which

usually lie close together, become curiously altered. The nucleus becomes larger

and shows two nucleoli, and the cell plasma becomes drawn out toward the two

ends. Soon the cell becomes still more elongated and pointed at the ends, the

nucleus becomes oval, and in place of the two nuclear bodies only a single larger

one is found. At this stage the formation of the first fibrillae occurs.

In the next stage the number of the fibrilla? has greatly increased, and the

young muscle fiber forms a twisted band. Whether this twist has any connection

with the subsequent spiral striping has not been determined.

Each individual fiber terminates in a distinct dark point on the calcareous

ground substance, but whether it comes into actual contact with the calcareous

matter is not known.

In the growing fiber a special type of granulation is visible in the sarcoplasma;
the nucleus is elongated and shows a small vesicle, with nuclear bodies. On the

insertions compact plates have developed, in which the individual fibers can not

be distinguished. These plates accommodate themselves to the contour of the

meshes in which lie the skeletal parts. From the more intensive staining of the

plates and of the adjacent ligamentous portion of the fibers it appears almost as

if the attachment was brought about by a specially secreted substance.

Minckert has pointed out that in the ontogeny of Antedon the brachials for

some time after their appearance do not differ in form, and also that all are united

in the same way.

Regenerating brachials show the same thing, and for some time it is impos-
sible to decide whether a given articulation will eventually become a muscular or

a nonmuscular articulation.

Skeletal structures. The rebuilding of the skeleton commences in the earliest

stages and proceeds very rapidly.

In Isocrinus the regeneration of the calcareous structures is more rapid and

more complete than in Antedon, and in Antedon mediterranea it is more rapid in

animals taken from the sea than in those kept in captivity.

DETAILS OF TUB REGENERATION OF THE CIRRI.

The regeneration of the cirri, total or partial, proceeds along the same lines

as the regeneration of the arms.

The closure of the wound takes place much less actively and is less extensive

than is the case in the arms, and fewer connective tissue elements and wandering
cells are involved.
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In the case of partial loss the wound sometimes simply heals over with no

restitution of the missing part. This occurs frequently in the terminal portion

of very long cirri, such as those of the species of Ptilometrinse. More commonly,

however, there forms in the course of a few days a small bud, apparently con-

sisting of ectoderm and mesenchyme elements which can not be differentiated.

Later an epithelium of more or less cubical cells appears. Meanwhile, with the

usual cell proliferation and active cell division, the endothelium of the cirrus canal

and of the enveloping nerve sheath begins to regenerate, and there is formed,

projecting into the bud, a hollow finger-like cap over the end of the canal. Imme-

diately there appear the beginnings of the skeletal structures in the form of a

fine spicule which gradually enlarges into a fenestrated plate.

As in the case of the arms, the chief stimulus for the growth of the regenerating
bud appears to come from the nerve, about the periphery of which rapid cell

formation takes place.

While in old cirri the band of connective tissue which divides the cirrus vessel

into two halves appears more or less solid, in the regenerating buds it is clearly

composed of two bands, which form a sort of canal. Keichensperger considers it

probable that a nourishing fluid passes along this canal and out of its open end to

the actively proliferating cells. It may be a blood vessel, since it is connected with

the connective tissue of the axial organ, which certainly contains blood vessels.

EMBRYOLOGY AND DEVELOPMENT.

The embryology and development of four closely related species of comatu-

lids Antedon bifida of the Atlantic coasts of France and England. Antcdon medi-

terranea of the Mediterranean, Antedon adriatica of the Adriatic, and Antedon

moroccana of the northern coasts of Africa have been studied by a number of

able investigators, and the chief features are now relatively well understood.

The latest and most exhaustive work has been done upon Antedon adriatica,

and this, monographic in scope, includes a comparative account of the conclusions

reached on every point by all the previous authors.

The major part of the investigations have been carried out on Antedon medi-

terranea, and upon the embryology and development of this type we have two

most excellent treatises, besides numerous scattered notes.

Antedon moroccana has served as the basis for very detailed studies, but the

results have been somewhat obscured by the fact that it was not differentiated

from Antedon bifida and A. mediterranea, both of which were under consideration

at the same time.

All of the pioneer work was based upon Antedon bifida, but since the middle

sixties this particularly interesting species has received no attention, thanks to

the greater availability of material of the Mediterranean forms.

The first step in the study of the development of recent crinoids may be said

to have been taken by John Vaughan Thompson, who in 1827 published an elabo-

rate memoir upon a supposedly new small stalked crinoid which he had discovered

in the Cove of Cork, Ireland, and which he called Pentacrinus europceus. This
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discovery of a stalked crinoid in European waters aroused very considerable

interest and was widely noticed. Subsequent study of these small creatures showed

that instead of being adult pentacrinites they are in reality only the young of

the common comatulid of the Irish coasts, Antedon bifida a discovery which

Thompson announced in 1835.

Thompson found that the ova are developed in conceptacles formed by the

thickening of the membranous expansion within each of the first 15 or 20 pairs

of pinnules beyond the oral pair, and that the ova make their exit through a round

hole in the fascial side of each conceptaculum,
"

still, however, adhering together

in a roundish cluster of about a hundred each."

In the same year Dujardin also noticed the development of ova in the pinnules

and their escape through apertures formed in the integument in Antedon niedi-

terranea at Toulon.

In spite of the seemingly conclusive accounts of Thompson and Dujardin,

Edward Forbes in 1841 stated that spermatozoa only are found in the swollen

pinnules and mistook the sacculi for ovaries. From original observations made

in Dublin Bay he confirmed the identity of Pentacrinvs europa'us with Antedon

bifida, in regard to which Dujardin was somewhat doubtful.

The existence of a free-swimming larval stage in the comatulids had not as

yet been demonstrated. In 1851 Wilhelm Busch, a pupil of Johannes Miiller,

published an account of such a larva which he had found during a visit to England
and Scotland, but he did not succeed in tracing its development. Incidentally the

larva he describes and figures, which resembles to a striking degree a holothurian

pupa, is abnormal, representing a rather frequent type of precocious development.

In 1863 Professor Allman published a memoir upon a prebrachial stage in the

development of the stalked larva of Antedon btfida, his material consisting of a

single specimen which he had obtained on the coast of South Devon.

Two years later Sir C. Wyville Thomson published an excellent account of the

early stages of Antedon bifida, which was supplemented in the following year by
the masterly work of Dr. W. B. Carpenter upon the later developmental stages of

the same species.

In 1873 Prof. Edmond Perrier published a short paper which marks his entry

into a field where later he was to achieve so much distinction, and in 1876 Gotte

published the results of his studies on the comparative embryology of Antedon

mediterranea. In the next few years Professors Hubert Ludwig and Elias Metsch-

nikoff made notable contributions to the developmental history of the same species,

though from the anatomical rather than from the embryological standpoint.

In the eighties original investigation and philosophical consideration of the

development of Antedon were undertaken with renewed vigor, the former because

the many new refinements of technique had made more accurate work possible,

the latter as a result of the wonderful wealth of fossil forms recently discovered.

During this decade Perrier made numerous original contributions to the subject,

culminating in his exhaustive and elaborate monographic survey of the field based

mainly upon Antedon moroccana and .4. bifida, which was published in 1886.

Professor Jules Barrois, in addition to some short papers, published an excellent
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comprehensive treatise dealing with the young of Antedon mediterranea; Wachs-

muth and Springer dealt with the development of the crinoids from the palseon-

tological side; Sladen considered the comparative embryology of all the echino-

derms; while Vogt and Yung gave the results of some original observations and

made some remarks upon the possible interpretation of certain structures. The two

Challenger volumes by P. H. Carpenter, together with his numerous short

papers, and the memoirs of Henry Bury on the development of Antedon medi-

terranea and on the comparative development of the echinoclerms call for

special mention. Basing their opinion upon the orientation of the interradial

angles of the centrodorsal and its significance in the light of their well-known

law, Wachsmuth and Springer in 1885 had arrived at the conclusion that Antedon

is in reality a dicyclic genus and had suggested that, though no infrabasals had

ever been found, these plates might eventually prove to be present in the young.

P. H. Carpenter had subjected the law of Wachsmuth and Springer to very spirited

criticism and had brought forward what appeared to him to be insuperable

objections to it. He was especially emphatic in his denial of the possibility of the

occurrence of infrabasals in Antedon. It remained for Bury finally to settle the

question by his discovery of infrabasals in this genus.

The only comprehensive work published since the appearance of Bury's paper

is that of Dr. Oswald Seeliger on the early stages of Antedon adriatica. In this

the segmentation of the ovum and the development of the embryo and larva up to

and including the so-called prebrachial stage are treated in minute detail. De-

tailed explanations of the differences between his results and those of previous

investigators add much to the value of the memoir.

The development of Antedon adriatica may be summarized as follows :

CLEAVAGE.

The first division always begins shortly after 8 o'clock in the morning. It

appears as a shallow furrow on the animal pole, which gradually extends to the

opposite pole, at first superficial, later sinking deeply into the mass of the egg.

For a time the two blastomeres appear to be united at the vegetative pole by
a narrow bridge of protoplasm, but this eventually gives way, leaving two equally

large well circumscribed cells mutually adherent through a circular area.

In well-prepared material the nuclei of the two blastomeres can always be

made out, lying nearer the animal than the vegetative pole; but the large amount

of yoke sometimes makes this more or less difficult.

In most cases two little bodies can be seen between the cells, which are prob-

ably polar bodies.

Because of the fact that the embryo very soon acquires a monaxial structure,

in which the plane of the first cleavage can no longer be determined, it has not been

definitely proved whether or not the two first blastomeres correspond to the two

body halves of the bilateral larva, The chief axis through the animal and vege-

tative poles, however, can be traced through all the stages, and it is not difficult

to prove that it corresponds to the major axis of the larva.
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Twenty minutes after the inception of the first division a part of the eggs have

already divided into the four-cell stage, the remainder soon following. The second

division runs meridionally like the first, and at right angles to it, so that four cells

of equal size are formed with between them a free canal running along the axis

passing through the animal and vegetative poles, the first beginnings of the cleav-

age cavity. Each of the four cells thus rests upon the two neighboring cells, but

not upon the opposite cell.

At the funnel-like opening of the central canal at the animal pole one, or even

two, polar bodies may often be observed.

The third cleavage plane runs parallel to the equator, though not equatorially,

for it lies nearer the animal than the vegetative pole and thus divides the embryo
into four smaller and four larger cells, which are directly superimposed.

As in succeeding stages the cleavage cavity is now smaller at the animal pole,

where it is surrounded by the smaller cells, than at the vegetative pole, where it

appears between the larger cells.

The embryo is now quadrilateral ;
but a definite relation between these quad-

rants and the body regions in the later embryo has not been determined.

The next division first begins at the animal pole and divides the four small cells

into eight of approximately equal size. The division of these four cells is usually

not everywhere entirely synchronous.
As a rule the furrows first appear on the four vegetative cells after all four

of the animal cells are entirely divided: as in the case of the cells at the animal

pole, the division of the vegetative cells is not always synchronous.
As a result of these divisions the inner borders of the eight cells of the animal

pole retreat a little from the major axis, so that the cleavage cavity becomes wider,

while at the vegetative pole no change takes place.

The following division runs equatorially and divides the eight smaller cells at

the animal pole into 16 of approximately equal size. The embryo is thus composed
of 24 cells, arranged in three superposed zones.

After the division of the animal cells is completed, indeed often while it is

still in progress, the newly formed blastomeres rearrange themselves in such a way
as to bring about the complete closure of the orifice at the animal pole. This is

accomplished rather quickly, often before the end of the 24-cell stage; before the

completion of the 32-cell stage the orifice is invariable closed.

This rearrangement of the cells at the animal pole does not always take place in

exactly the same way. Sometimes one of the small cells moves out of the ring

surrounding the opening more or less completely into the line of the major axis,

while again all eight of the cells about the opening may move toward each other in

such a way as to close it. The examination of a large number of embryos at this

stage shows very diverse conditions at the animal pole, making it clear that the

rearrangement of the cells is brought about in various ways.
The 32-cell stage following arises from the 24-cell stage through the appear-

ance of furrows, parallel to the equator, which divide the eight vegetative cells.

These furrows do not always appear simultaneously on all the cells, and they are

not equidistant between the equator and the pole, but slightly nearer the former, so
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FIGS. 874-880. SIDE AND COVERING PLATES OF VARIOUS THALASSOMETRIDS (DRAWINGS BV AUTHOB). 874.

PARAMETRA GRANTLATA. 875. SAME. 876. SAME, THREE SACCULI SHOWN. 877. SAME, TWO SUPPLE-
MENTARY PLATES. 878. SAME, SIDE PLATS VIEWED FROM INTERIOR. 879. THALASSOMETRA VILLOSA.

880. SAME.
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that the eight vegetative cells are divided into eight smaller, bordering the lower

tier of animal cells and not markedly different from them in size, and eight larger,

surrounding the vegetative pole.

Though the orifice at the animal pole is always closed at this stage, that at the

opposite pole always remains open ; but a certain amount of rearrangement of the

cells about the pore takes place which, though very diverse in its manifestations,

always tends to narrow the opening, causing it to appear slit-like and forecasting

its eventual closure.

The 48-cell stage, resulting in an almost perfectly spherical larva, in appear-

ance a blastula, is brought about by the division of the 1G animal cells, which were

originally arranged in two superposed zones of eight each. The shifting about of

these cells before, during, and after this division causes great irregularity in the

position of the division planes of many of the individual cells; but these division

planes can all be traced back to an originally meridional position.

At this stage a rearrangement of the eight vegetative cells immediately sur-

rounding the apical orifice takes place, which results in its complete closure, and

also causes a slight flattening of the vegetative pole.

The ensuing division of the vegetative cells gives rise to a 64-cell blastula, in

which the vegetative cells are noticeably larger than the others.

As a result of the crowded conditions under which the embryos exist when

attached to the pinnules of the mother, combined with the mechanical weakness of

a 64-cell blastula, the larvae at this stage almost invariably depart slightly from the

perfectly spherical form, usually showing a more or less pronounced flattening

on one side.

From this stage onward the cells do not divide with the previous regularity,

some of them outstripping the remainder in development. As a result of this a

regular 128-cell blastula rarely, if ever, occurs.

As in other echinoderms, the cells of the blastula on commencing to divide

tend to assume a globular form
;
toward the end of the division the daughter cells

again transform into longer prismatic cells.

After division the chromatin content of the daughter nuclei is diminished, in-

creasing again at the inception of a new division.

It is an interesting fact that throughout the greater part of the development the

embryos on a single mother are at any given time at approximately the same de-

velopmental stage. This is especially true in the early part of embryonal life.

GASTRLT.ATION.

Figs. 1315, 1316, pi. 46.

Gastrulation begins scarcely seven hours after the initial appearance of the

first cleavage furrow. A cell lying at the vegetative pole sinks inward on the

spot originally occupied by the cleavage pore; a neighboring cell does the same,
and others soon follow, so that there is formed at the vegetative pole a very

narrow, shallow, and slitlike furrow, which later becomes elongated and is

sometimes interrupted here and there, in length about equal to one-fourth of
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the circumference of the embryo, from the borders of which the invagination of the

entoderm takes place.

The monaxial blastula has thus become a bilateral gastrula.
The inner cavity is, as in the preceding and succeeding stages, filled with

an albuminous substance.

Both the ectoderm and entoderm cells are more or less prismatic in shape,
and in both series the cells are arranged in a single layer.

The nuclei of the ectoderm cells lie in their outer halves, often very near
the periphery. In the entoderm cells they occur mostly in the middle. In the

cells which, as a result of the abrupt folding, are more or less pyramidal in shape,

they lie in the broad cell end, whether this is toward the lumen of the primitive

gut or toward the primary body cavity.

Among the prismatic cells there are in the ectoderm a number of globular cells

situated exteriorly and excluded from the primitive body cavity by the arching

together of the neighboring prismatic cells beneath them. These are ectoderm cells

undergoing division.

The number of cells in the blastula continues to increase. The elements of the

single-layered ectoderm become relatively higher and narrower, while those of the

entoderm appear by contrast more rounded. The lumen bounded by the latter

always retains the form of an elongate very narrow fissure.

While at the time of the first formation of the blastopore the gastrula was

bilaterally symmetrical, this is no longer true, for the invagination of entoderm
cells takes place with slightly greater rapidity on one side than on the other, and
the blastopore, now more or less constricted in the middle, where the invagination
is deepest, is placed somewhat diagonally. There is considerable variation in the

form of the blastopore as well as in that of the primitive gut.

During the entire course of the first night the embryo continues in the gastrula

stage. The cells increase in number, and mesenchyme formation begins in the

entoderm.

The blastopore now has the form of a narrow crescent the concave side of

which corresponds, within the embryo, to the side toward which the entire mass of

invaginated cells bends over. That is to say, within the gastrula there is a more
extensive free body cavity on the side of the primitive gut corresponding to the

convexity of the blastopore than on the other.

As in the preceding stage, there is considerable variability in the form of the

blastopore and of the primitive gut.

It is possible with a reasonable degree of correctness to indicate the orienta-

tion of the 16-hour gastrula in terms of the free-swimming larva. The side toward
which the primitive gut leans will become the ventral. As the blastopore is

posterior the right and left sides are also determined.

In some cases embryos of older stages are found in which the anterior

(innermost) end of the primitive gut is turned toward the dorsal instead of

toward the ventral side, later reversing its position. It is thus evident that the

side toward which the gut leans at this stage is not necessarily the ventral side.
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Only with a similar reservation can the ventral side of the 10-hour embryo
be inferred from that of the 16-hour stage, for in intermediate stages the

gut often appears straight, so that the surface toward which it inclines at first

is not necessarily that to which it will eventually be curved.

When preparing to divide the ectoderm cells contract and, withdrawing to

the exterior of the cell layer, there form large globular cells widely excluded from

the primitive body cavity by the meeting of the adjacent prismatic cells beneath

them. On sections these neighboring prismatic cells show more or less extensive

incisions corresponding in outline to the outline of the globular cell. After division,

which occurs in the usual way, the daughter cells elongate and push their way
down between the surrounding prismatic cells until their inner ends reach the

primitive body cavity, becoming in the process indistinguishable from these. In

sagittal sections of the ectoderm which show the prismatic cells as five or six

sided polygons their nuclei are sometimes seen undergoing division, so that it

may be inferred that it is not always necessary for the ectoderm cells to assume

the globular form preparatory to division.

The entoderm cells differ from those of the ectoderm in their shorter and more

rounded form. But among the relatively short and rounded cells there are

numerous more slender prismatic cells of the same length as the others which

possess two nuclei, resulting from the division of a mother nucleus, one of which

lies toward the gut lumen, the other toward the body cavity. The appearance
of these two nuclei is followed by the division of the cell body in such a way that

one of the daughter cells borders the gut lumen, the other the body cavity.

These daughter cells bordering the body cavity are first found at the blind

end of the primitive gut and represent the mother cells of the mesenchyme.
Between the typical entoderm cells there are others of approximately equal

height, which toward the body cavity are swollen into a very thick, rounded base,

and toward the gut lumen are drawn out to a fine point.

The several-layered condition of the entoderm, which leads to the formation

of the mesenchyme, appears to result not only from the division of the entoderm

cells parallel to the surface as just described, but -also from the formation and

subsequent liberation of these top-shaped elements.

All stages between the cells just emerging from the entoderm and the typical

mesenchyme cells can be found. The process reaching in between the entoderm

cells shortens and finally is entirely withdrawn, while at the same time the cell

severs all connection with the entoderm.

The typical mesenchyme cells, which in the primitive body cavity lie abun-

dantly on the entoderm, are strongly rounded and invariably show a nucleus.

They undergo division individually and independently.

In the 19-hour embryo, as a result of continued cell division, the ectoderm cells

have become shorter and the whole ectoderm layer therefore thinner. As the

embryo has increased not at all or only insignificantly in size, additional ectoderm

cells must have forced themselves through the blastopore opening, since the primi-

tive gut sack has become more extensive, reaching quite across the primitive body

cavity to the animal pole; indeed, in a cross section through the blastopore a
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funnel-shaped opening is seen, at the base of which lies the very narrow (cres-

centic) slit representing the blastopore opening of the preceding stage.

At this stage the cells recently invaginated differ somewhat from those earlier

pressed inward, but later an equalization of the differences occurs and a uniform

entoderm results, from which mesoderm cells are usually given off as freely in the

immediate vicinity of the blastopore as elsewhere, though frequently only from a

circumscribed region at the blind end of the primitive gut.

During the succeeding hours the formation of mesenchyme continues, while at

the blastopore invagination still occurs, though now only to a limited extent.

In these processes numerous cases of individual variation can be observed, not

only in embryos of different animals, but also in those of the same pinnule of the

same animal. The shape and form of the blastopore especially varies, it being

frequently elliptical, and sometimes very small and almost circular.

The increasing thinness of the ectoderm layer and the decreasing size of its

constituent cells is explained by the loss of material through the extensive invagi-

nation of the entoderm and the formation of the mesenchyme.
The bilateral condition of the embryo has now become strikingly disturbed,

for it is always to be observed that the left side of the end of the primitive gut lies

nearer the ectoderm than the right, and that as a consequence mesenchyme cells are

more numerous on the right side of the primitive gut than on the left.

CLOSURE OF THE BLASTOFOKE.

In the stage last described (24 to 26 hours) the blastopore was perceptibly nar-

rowed. This process continues, and 36 hours after the inception of cell division

practically all of the embryos have the blastopore closed and the primitive gut in

the form of an isolated sack.

The embryo is now, as in the preceding stage, approximately spherical; its

diameter has become somewhat larger than that of the egg, measuring 0.27 mm.
In the cases where the blastopore in young embryos exists as a narrow slit

the closure takes place in two different ways, beginning either at or between the

ends. If the closure begins toward the middle of the blastopore and does not ad-

vance with exactly the same speed on both sides, the last trace of the blastopore does

not lie precisely in the major axis.

The line of closure can be demonstrated in the ectoderm for a considerable

time as a channel-like shallow depression, which is indicated by the small size of

the bordering ectoderm cells and by a slight indentation. This furrow persists

for a long time after the detachment of the entoderm.

When once the adjacent cells have become the same as the other ectoderm cells

the furrow vanishes. The smoothing out of this furrow follows the same course

as the original closure of the blastopore. At the last only a socket-like cavity can

be detected over the place where the blastopore was, and soon even this disappears.

Meanwhile the primitive gut has assumed the form of a constricted sack and

from the presence of the groove over the location of the original blastopore it is

possible to determine that this constriction has taken place in the direction of the

major axis.

142140 21 Bull. 82 30
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Histologically essentially the same conditions are found as in the preceding

stage, but all of the cells have become smaller as a result of the continued division.

In the ectoderm the traveling of the nuclei toward the inner ends of the cells has

made progress. On the outer side of the ectoderm, between the long narrow pris-

matic cells, lie the globular cells in process of division.

The entoderm cells are of very different shapes and lengths; some of them,

lying on the lateral borders, exceed considerably the longest ectoderm cells. Lat-

erally and posteriorly the primitive gut is composed of a single layer of cells, and is

sharply differentiated from the body cavity. While in this region only isolated

cells sporadically leave the entodermal epithelium to become mesenchvme cells, this

process continues very actively and uninterruptedly over the anterior end of

the gut.

The mesoderm cells, which now fill the major portion of the body cavity, are

mostly more or less spherical in shape, with the nuclei either resting or undergoing
division.

In a slightly more advanced stage mesoderm cells have pushed themselves in

between the posterior portion of the primitive gut and the ectodermal layer, and

the furrow which indicated the course of the blastopore has disappeared save for a

slight indication in two or three sections.

In other embryos of this same age the course of the original blastopore can no

longer be made out on the spherical body wall, though its location may readily be

determined through the close approximation of the now detached primitive irut to

the ectodermal wall.

Often at this stage the two crossed axes can not with certainty be determined,
in which case the embryo again exhibits an almost monaxial structure which is dis-

turbed only by the slight displacement of the gut sack ventrally and toward the left.

In numerous embryos, however, the detached primitive gut remains in the trans-

verse axis and the blastopore slit is somewhat more elongated and persistent, so that

bilaterality is demonstrable. Both types are found side by side on the same mother,
and it may be that the first condition is a more advanced stage of the second.

DIVISION OP THE PRIMITIVE GUT INTO MESENTEHON, PERITONEAL SACK, AND PRIMARY HYDROCrELE.

During the second night the division of the primitive gut into two sections

begins. This is effected through the appearance of a groove encircling the gut sack

at right angles to the major axis of the embryo, which presses the cells inward before

it, forming a sphincter-like constriction. As the cells are pressed inward the com-

munication between the two sections of the gut becomes more and more restricted

until finally it is entirely interrupted. The last trace of this intercommunication

always lies in, or very near, the chief axis.

The two sections of the primitive gut always differ in size, though this differ-

ence is subject to individual variation and is often very slight. The anterior section

is the larger, later becoming the mesenteron and hydrocrele, while the smaller hinder

section gives rise to the ccelome.

Only at the very first appearance of the groove do the lumina of the two por-
tions of the gut appear similar, in sections cut across the chief axis as a series of
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circles of different diameters, and in sections cut parallel to this axis as a pair of

ellipses, with the longer axes parallel.

The more the separation of the two sections progresses the more strongly comes

out the contrast between them. First the posterior section becomes more and more

strongly compressed dorsoventrally, and laterally elongated parallel to the blasto-

pore slit, so that it assumes an almost tubular form. The anterior section then

extends itself ventrally and dorsally partially around the tube-like posterior por-

tion, so that in section the lumen of the former appears as a narrow crescent stretch-

ing dorsally and ventrally just beyond the broadly elliptical lumen of the latter,

which runs from right to left.

At this stage there is no clearly marked bilateral structure which can be

followed with certainty through all the following changes to the fixed pentacrinoid.
The major axis, equivalent to the longitudinal axis, can be determined in the

earliest division stages. The tube-like posterior section of the primitive gut runs

from right to left. The ventral and dorsal sides are at first almost identical, except
that on the ventral the entodermal sack reaches nearer the ectoderm than on the

other. In the same way the right and left sides are never exactly the same. Very
soon, when the dorsal and ventral sacks become differentiated, symmetry of the

bilateral type becomes again established.

During the division of the primitive gut the region from which the mesen-

chyme cells are given off becomes more restricted and finally reduced to a small

area of the anterior wall of the upper entoderm sack in the immediate neighbor-
hood of the major axis, mesenchyme cells at other places appearing only sporadi-

cally. It is therefore to be assumed that the mesoderm cells which push in

between the ectoderm and the posterior sack have arisen through the division

of those earlier formed.

The form and size of the cells in the three germ layers, which were already
differentiated in the 26-hour embryo, have meanwhile become appreciably altered.

All the cells have increased in number and decreased in size, and their yolk
elements have diminished and in part been already entirely consumed.

In the ectoderm there are found, as in the earlier stages, globular elements

in process of division among the high prismatic cells, the nuclei of which lie now
in the inner ends. But with the migration of the nuclei into the inner ends of

the cells the distribution of these globular elements undergoes a change, for

they are now not confined to the outer portion of the ectoderm but occur, though
in small numbers, also on the inner surface toward the body cavity.

The walls of the ccelomic (posterior) sack, like those of all the epithelial

structures of the embryo, are of one layer of cells, but the shape of the individual

cells varies considerably. Here again appear the globular cells representing the

prismatic cells in process of division, though cell reduplication also occurs by the

direct division of the prismatic cells themselves.

In the anterior sack the differences in form of the individual cells are more
considerable than in the posterior. Here also cell division occurs both directly
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and through the intermediary of globular cells. From the anterior end of this

sack mesenchyme cells continue to arise.

When the mesenchyme cells are abundant many of them, through mutual

pressure, appear polyhedral. The difference in the chromatin content of the

nucleus in the resting stage and at various steps during mitosis is especially

striking.

The relative paucity of chromatin in the nuclei in the resting stage lying in

a plasma always rich in yolk renders them very difficult to see, and this is possibly
the reason for the numerous figures of mesenchyme cells without nuclei which

have been published.
In the entoderm cells also a change in the amount of chromatin in the nuclei

can be detected at different times, though the differences are less considerable

than in the mesenchyme cells. In the ectoderm cells, on the contrary, the amount

of chromatin appears to be constant at all times.

In the following stage the posterior coslomic sack becomes more and more

elongated laterally, somewhat constricted centrally, and broadened at the two ends.

The anterior section of the primitive gut has continued its growth about

the posterior section, which, with its recurved ends, it now incloses.

In almost all of the embryos the ectoderm of the ventral side has now become

somewhat thicker than that of the dorsal, though frequently this first occurs some-

what later. This broad zone of higher ectodermal cells on the ventral side

indicates the position of the subsequent vestibular imagination.

Histologically the conditions at this stage are essentially the same as in the

preceding.

Slightly more developed embryos show the ectoderm becoming locally differ-

entiated, so that in longitudinal sections there can be distinguished four trans-

verse bands and a terminal ring in which the nuclei are more lightly colored

and lie more closely together than elsewhere. At this time these zones are broader

than the intermediate zones (though later the reverse is true) and are somewhat

irregular, of varying breadth and in places only slightly differentiated from the

neighboring region. The sharp differentiation of the ciliated bands from the

remainder of the ectoderm is first noticeable at about the sixtieth hour.

The ccelomic sack has now become more constricted centrally, while the two

ends have become swollen anteriorly, so that two rather extensive lateral pockets

are formed which are connected by a minute canal. Since their growth has

been especially dorsalward they appear here much less widely separated than

ventrally. In a median section the canal connecting them shows a thick wall

with a very small lumen. Histologically the structure is essentially the same

as in the preceding stage.

The two median processes of the anterior sack, which lie dorsally and ven-

trally, above and below the canal uniting the ccelomic pockets, have curved them-

selves around this last until their blind ends lie behind it.

The more extensive central portion of the anterior sack lies closely appressed

to the canal uniting the two coslomic sacks. Its walls are everywhere composed
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of one layer of cells. In some embryos a few mesenchyme cells are given off

in the immediate vicinity of the major axis, while in others this process has

already ceased.

From this central portion ventrally there stretches an extensive process, the

hydroccele, which at first maintains a broad connection with the remaining parts
of the anterior sack.

The beginnings of the parietal canal can often, though not always, be deter-

mined at this stage. It first shows itself as a small evagination of the anterior

wall of the mesentero-hydrocoele sack lying anterior to the union between the two
ccelomic pockets on the border of the positions of the gut and water vessel.

While in the cases described both sections of the primitive gut are entirely
cut off from each other, equally old and almost equally organized embryos can

be found in which a union between the crelomic and mesentero-hydrocoele portions
is demonstrable near the major axis.

The primitive body cavity is now entirely filled with mesenchyme cells, which
have greatly increased in number. Most of them are approximately spherical,
but many are pear-shaped, while others exhibit a tendency to send out processes
and to become star-shaped. The varying amount of chromatin in the nuclei of

these cells is readily demonstrable.

FORMATION OP CILIATED BANDS, LARVAL NERVOUS SYSTEM. AND ALTERATION IN POSITION OF INTERNAL ORGANS
(60 TO 84 HOURS).

During the third night very important changes take place in the embryos,

though the developmental advances are no longer as completely synchronous as in

the younger stages. Only in rare cases now does one find all the embryos on a

single mother at an equivalent developmental plane; usually the variations ex-

hibited are considerable. Thus on the fourth day there are found, in immediate

proximity to the older stages, others which have lagged behind 12 or 14 hours, so

that it is possible to study in the embryos from a single mother all the changes which
have taken place during the night.

Externally the embryos of this age are without exception characterized by
an elongation along the chief axis, and by five transverse ciliated bands, of which

the foremost is interrupted in the ventral median line. The average length is

now 0.30 mm.
The four posterior ciliated rings encircle the embryo like the bands of a cask,

but they no longer run quite parallel to each other. As a result of the appearance
of the vestibular invagination in the median plane ventrally the third band is arched

posteriorly, and the second is, to a somewhat greater degree, arched anteriorly.
The further the invagination extends the more the mid-ventral portions of these

two bows are displaced.

Just before the displacement of the mid-ventral portion of the second and third

ciliated bands the entire ventral side of the embryo appears thickened and a little

flattened. Most of the cells are exceptionally long prismatic cells, which extend

uninterruptedly from the primary body cavity to the outer surface. Their nuclei
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are somewhat larger than those of the cells of the ciliated bunds, and in carmine and

haematoxylin stain more deeply. On the rest of the ectodermal wall the contrast

between the ciliated bands and the intermediate zones is always more pronounced.
In the region of the first band there occurs a A

r

ery active nuclear division, with

which the division of the cell bodies does not keep pace. As a result of this there

are usually found in a single cell body several nuclei, small but relatively rich in

chromatin, in different phases of division or in the resting stage. In the inter-

mediate zone the nuclei remain in the resting stage without undergoing further

division, and for that reason are relatively less numerous. They are also poorer
in chromatin, and in some no chromatin whatever can be demonstrated. These

nuclei without chromatin are very difficult to find.

At the apex of the embryo, at the anterior end of the major axis, a small flat

cavity, the apical pit, appears. In this region the ectoderm is thickened and com-

posed of several layers. The apical pit often can be demonstrated in embryos of

from 40 to 50 hours, while it may be absent in others of equal age and equally

developed in other respects.

The cells of the apical pit form the ciliated tuft of the free-swimming larva

which later becomes so prominent. They do not all give rise to cilia, however, for

a part of them migrate out of the epithelial layer and move deeper into the body.
This process is not confined to the cells of the apical pit, but occurs also in the

adjacent regions.

The ectodermal elements are here now cut off from the more deeply lying
structures by a membrane just within which is a layer of fine fibrillse, apparently
nerve fibrillse of ectodermal origin. Within these fibrillse, resting upon the ends

of the prismatic cells, are pear-shaped cells possessing several processes. Apart
from their position they are differentiated from the mesoderm cells through con-

taining less yolk and having more finely pointed processes. These are evidently

ganglion cells of ectodermal origin.

At first the fibrillae and the ganglion cells, indicating the embrjTonal nervous

system, are limited to the immediate vicinity of the apical pit, but later these extend

themselves further and further outward over the anterior end of the embryo and

along the ventral side.

Some time after the appearance of the apical pit there appears just behind it

in the median ventral line a second almost circular flattening in the ectoderm,

which at first is very small. This deepens rapidly into a groove, which for a time

usually remains very small, but in many cases soon becomes very considerable.

During the later embryonal stages it continually broadens and eventually forms

the region of attachment of the free-swimming larva.

The foremost ciliated band is ventrally interrupted by this fixation plane.
In the thickened ventral surface there appears at about the eightieth hour

(earlier than the fixation plane), in the median line between the second and third

ciliated rings, an invagination which quickly becomes more extensive the vesti-

bular groove. The anterior portion of this, Avhich displaces anteriorly the second

ciliated band, is more depressed than the posterior, which lies near, or against, the
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third band. The depth of this invagination varies greatly and is often very
considerable.

The internal organization now shows very important changes. The two
ccelomic sacks, which in the preceding stage were united by a fine tube, have now
become entirely separated from each other. A knob-like swelling on the median
wall of the right ccelome, which persists for some time, is the last remnant of this

connection.

Simultaneously with the thinning of the walls the two sacs increase in size and
become pocket-like, with the inner and outer walls lying very near each other, so

that the lumina are very narrow.

The right sack has extended itself dorsally almost around the entire body
cavity and has reached over on the dorsal side somewhat to the left; also it has

grown considerably anteriorly, where it now covers the gut.
The left sack has extended itself less far anteriorly, and in its anterior part is

much less widened ventrally, so that it lies on the dorsal wall of the hydrocrele,

pushing to the right with its dorsal margin and thus forming a sort of mesentery.
It has extended especially posteriorly and there surrounds the gut, meeting the

posterior border of the right sack.

Thus the mesentery on the dorsal side runs almost in the median plane, though
a little to the left; posteriorly the nearer it approaches the ventral side the more
it shifts to the right. It forms approximately a half circle, which opens upward
and ventrally, since on the ventral side the ventral corners of the two ccelomic sacks

are at this stage very widely separated from each other (through an angle of about

90), and also anteriorly approach the edges only in the dorsal region.

As from the beginning, the coelomic walls are single layered, but the cells have
now become perceptibly smaller and lower.

While these alterations in the ccelomic sacks have been taking place the two
sections of the mesentero-hydroccele have become completely separated.

The primitive hydroccele is somewhat constricted dorso-ventrally and lies

closely on the thickened ectoderm wall, almost entirely on the left side of the

embryo, toward which side all the internal organs are more or less displaced.

Dorsally it extends almost as far as the gut itself, to the posterior end of the

left ccelome; anteriorly it reaches over the gut and covers it in its central part.
This anterior dorsal portion of the primary hydroccele becomes differentiated as

a tubular structure, which runs almost parallel to the ventral surface from right
to left, but in the center of the embryo crosses the chief axis not quite at right

angles ;
this is the parietal canal.

Histologically the wall of the primary hydrocoele is throughout a single-layered

epithelium of cylindrical cells of which the prominent nuclei lie near the inner

border.

During the separation of the parietal canal the histological contrast between this

and the secondary hydroccele sack becomes progressively more and more marked;
the former is composed always of smaller, at first cubical and later more flattened

cells, while in the latter the form of the cells appears not to be essentially altered.
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The parietal canal is enlarged in such a way that its walls, without increasing

perceptibly in mass, continually become thinner.

The beginnings of the definitive gut develop from the two median dorsally

and ventrally running horns of the anterior sack and from the central section in

so far as it is not concerned in the formation of the hydrocosle and the parietal

canal. With the dissolution of the union between the two coclomic sacks the two

vertical entodermic processes unite, first anteriorly and later also posteriorly.

During these changes the gut in different individuals shows striking vari-

ations in the thickness of the walls and in the extent and form of the lumen

which can not be explained as part of a continuous developmental series.

Cross sections show the gut predominantly triangular with the base of the

triangle parallel to the hydrocoele sack and the apex dorsal, lying between the two

coelomic sacks of the mesentery. It does not run exactly in the major axis, nor

parallel to it, for its anterior end is displaced toward the left and its posterior

usually a little toward the right.

The walls are composed of cylindrical or cubical cells, among which on the

outer side are occasionally seen globular cells in process of division.

It is certain that the parietal canal and the water vessel intercommunicate

after they have severed their connection with the definitive gut. The last point
of union with the gut is at the region of the connection between the two, so that

they might be considered as two evaginations of unequal size from the anterior

gut section extending dorsally and ventrally from it, while the two ctelomic sacks

might be considered as right and left evaginations of the posterior end of the

gut, near the blastopore.

It might be said that in the primitive gut (archenteron) after its closure

there can be differentiated three divisions a posterior (lying near the blasto-

pore), a middle, and an anterior. The posterior has already been separated off

and divided before the anterior appears. The middle remains single and forms

the definitive gut. The anterior and posterior each divide into two parts; the

latter gives rise to the right and left coelomic sacks, the former ventrally to the

hydroccele and dorsally to the parietal canal.

The mesenchyme filling the primitive body cavity is now composed of more
numerous but smaller elements, rounded or star shaped, with short processes.

The more or less gelatinous albuminous substance which in the younger stages

filled the body cavity has been almost entirely consumed by the mesoderm cells.

In the crinoids the division of the archenteron is as follows :

(peritoneal

sac fright coelome.

i at hinder end) \
left ccelome.

( mesenteron. f definitive hvdroccele.
mesentero-hydrocoele { .

[primitive hydrocoele sac [parietal canal.

In the other echinoderms:

(
meseuteron.

Archenteron
f peritoneal sac.

[one or two vaso-perltoneal sacs (at anterior end) <
]lv(jroc(e]e ^p
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LAST PERIOD OF EMBKYONAL DEVELOPMENT; FORMATION OF CALCABEOUS SKELETON (84 TO 120 HOOKS).

During the fifth clay the embryo escapes from the egg membrane and becomes

a free-swimming larva. It is now elongated in the direction of the major axis

and has reached a length of about 0.40 mm. As a result of the advance of the

vestibular furrow the general form has become beanlike.

Up to the time of the appearance of the calcareous skeleton the inner organs
remain essentially as just described, but the walls are composed of smaller cells,

and the lumina are more extensive.

Owing to the exceptional opaqueness of the living object it is necessary to study
the skeleton in preserved material.

In embryos of 100 hours there are already present five orals, five basals, and

from three to five infrabasals in the calyx, and about 11 calcareous elements in

the column.

It appears that in the embryos of animals kept in aquaria for some time

before the extrusion of the eggs the calcareous structures are less extensively

developed, smaller and thinner, and at the same time very much more variable,

than is the case in embryos from mothers living freely in the sea.

The calcareous plates are often quite irregularly developed in animals of

exactly the same age, and the individual plates of the same series in the same

animal often show considerable differences.

Each of the five basals, like each of the five orals, is approximately equidistant

from those on either side, except that in each series the distance between the two

outermost is greater than the distance between any two of the others. Thus

it is that the basals and orals have usually been described as lying in horseshoe-

shaped bands, open ventrally, surrounding the major axis. If it is borne in mind

that the planes of the two horseshoes are strongly oblique, so that the open sides

lie much more anteriorly than the closed ends, and that the left arms of the

horseshoes in each case reach farther anteriorly than the right, the relative positions

of the plates in these two series are fairly well indicated.

At this stage the individual basals and orals do not lie exactly behind each

other, for the basals are slightly more displaced dorsally than the orals. Fre-

quently this displacement is such as to bring the first basal almost or quite in line

with the second oral.

The left basal (JJ lies farther anteriorly than the right (Z> 5 ) and the left oral

(oj in the same way lies farther forward than the right (<?5 ). Usually, the right

basal lies farther anteriorly than the left oral.

The plates in these two series lying farthest posteriorly are those in the

median plane dorsally, the third oral and the third basal.

While the first and fifth basals lie in the region delimited by the third ciliated

ring, usually just proximal or just distal to it, the third basal lies under the fourth

ring. In the same way while the first and fifth orals lie under the fourth ring,

the third lies under the fifth.
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Although the position of the plates as just described appears to be the normal,

many variations occur.

Bury believed that the orals are formed in the vicinity of the left, the basals

about the right ccelomic sack ; but Seeliger found that the first basal without excep-
tion appears so far forward that it lies entirely outside the region of the right

ccelome, and that the first oral appears without any reference to the left coelome,

on the contrary reaching with its dorsal and anterior branches far within the

region of the right ccelomic sack; and there are other displacements which seem

not to harmonize with Bury's conclusions.

But it is significant that at the time of the appearance of the calyx pieces the

two ccelomic sacks have already abandoned their original position, and that the

orals and the basals are formed not in a different antimere of the bilateral embryo,
but both in the same antimere. In their horseshoelike arrangement about the chief

axis their relations are similar to the relations of two metameres.

Seeliger finds that the calyx plates at first are always separated from the

ectoderm by two or three layers of mesenchyme cells, rarely by only a single

layer. Later they move nearer the surface, and their needlelike processes may
then be easily demonstrated within the ectoderm.

Originally the meshwork of the calyx plates, which is finer than that shown by
Thomson in An tedon hifida, lies all in a single plane and does not repeat the

curvature of the surface of that portion of the body under which the plates lie.

Commonly the basals and orals are about equally large, but the plates of either

series may be larger than those of the other. The course and the thickness of

the bars of the meshwork may vary in different ways.
Each plate begins in the same way. Two small calcareous needles appear from

which soon branches are given off at an angle of 120 that quickly increase in

length, join with similar branches to form again a single bar, and then repeat

the process. Later the original bars of the meshwork thicken, the spaces between

them become smaller, and the whole aspect of the plate becomes more sievelike.

In larvae raised in an aquarium the increase in the thickness of the plates is slower

than in larvae from mothers taken from the sea.

Seeliger was unable to find a case where two or more originally separated

calyx plates later became merged into a single element.

Anterior to the basals, deeper and nearer the central axis, lie the extremely
small beginnings of the infrabasals. In some specimens Seeliger was able to find

only three or four, more rarely only two; but he believes that five is the true

number, and that in these specimens the whole number had not yet been formed.

However, in some cases he found three infrabasals arranged as described by Bury.
The usual arrangement of the five infrabasals is in the form of a horseshoe

open ventrally stretching over the dorsal half of the embryo. The two lateral

infrabasals, right and left, lie quite near each other, and this naturally suggests
that the two larger lateral infrabasals described by Bury have arisen through
the coalescence of two originally separate points of origin.

The first trace of a calcareous deposit Seeliger found to be in a cavity in a

group of mesenchyme cells, mostly pear-shaped, with readily recognizable globular
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nuclei, lying on one of the cells which stood out from the rest on account of the

somewhat larger nucleus lying near the cell wall from which the calcareous particle

appeared to have been secreted by a sort of cuticular extrusion. As the calcareous

particle becomes larger progressively more and more cells take part in the deposition

of lime about its edges as well as over its surface.

In the middle of the anterior portion of the embryonal body between the

second and third ciliated bands lie the rudiments of the columnals. They are

closely placed one behind the other in a single slightly curved row the concave

side of which is directed ventrally.

The foremost element of the row, the terminal stem plate, lies near the base of

the vestibnlar invagination. In some cases, if the curve of the series of columnals

is especially strong, the plane of this plate is almost parallel to the major axis,

though usually it makes an acute angle with it. The most posterior stem plate

lies within the circlet of the infrabasals, displaced a little clorsally.

At this stage, as well as at the following stages, the number of the columnals

is variable; very commonly it is 11, but there may be lo. If a considerable

number be present new columnals form always at the posterior end of the series

and are never intercalated.

The form of the individual columnals is very variable. Seeliger gives three

figures of different stages. The first shows a minute calcareous crescent, of which

the concave side is directed ventrally. In the second the ends of the somewhat

larger crescent have become swollen and a broad straight-edged process has

appeared centrally. In the third each angle of this straight-edged process has

been produced into a radial spine, the swollen ends of the crescent as seen in the

last stage have become produced into radial spines, and the horns of the crescent

have become still further produced, so that the concavity now is almost semi-

circular. In this same series the more anterior columnals were markedly larger,

and had already extended so far ventrally that the concave side formed three-

quarters of the circumference of a circle. The radial processes on the convex side

had become more numerous and had begun to fork at the point.

If a large number of columnals be present new ones are formed always at

the posterior end of the series, and new plates may appear through intercalation

between the last two, between the penultimate and the preceding, or between the

third and fourth from the last
; they probably never appear further anteriorly.

In embryos of this age the formation of new plates between others already

existing is rendered possible by the existence of two or more layers of mesenchyme
cells between them. Usually the columnals lie so closely together that only a

single layer of mesenchyme cells lies between, which of necessity is occupied

with the increase of those plates.

The terminal stem plate is the most extensive of all the calcareous structures

of the embryo, and is probably the first to appear, although this has not as yet

been determined with certainty. It resembles the calyx plates much more than

it does the other columnals, for it is in the shape of a rather extensive meshwork

which shows no trace of having been derived from a primitive crescent.
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FREE-SWIMMING LAKVA.

Five days after the first cleavage the embryo ruptures the inclosing membrane
and escapes as a free-swimming larva. The length of this free-swimming life

varies extraordinarily, even in the different individuals of the same brood; some

attach themselves after a few hours and immediately proceed to further develop-

ment, while others, somewhat larger though with only insignificantly altered

structure, are to be met with still free swimming after a lapse of as much as

108 hours. Even at 60 hours the larvas which immediately became fixed have the

body divided into stalk and calyx, and possess 15 tentacles projecting into the

closed vestibule.

When just liberated the larvae are almost invariably about 0.40 mm. long.

If they remain free swimming for a considerable time they may reach at the

end of the second or third day a length of 0.45 mm. to 0.48 mm., or in some cases

even 0.50 mm.
The larvae usually swim with the anterior pole forward; only exceptionally,

as for instance when they strike an obstacle, is the direction reversed. Occasionally

a rotation about the major axis may be observed.

Ectoderm.

During the later embryonal stages the ectoderm has undergone important

changes, and is quite different from that of the 75 to 80 hour stage.

Anteriorly the entire ventral part is deeply sunken so that, with its elongate

form, the larva now appears distinctly bean-shaped.
The five ciliated bands are sharply differentiated from the much broadened

intermediate zones, and over the deepened apical depression a large tuft of cilia

has formed.

The attachment pit has also deepened, and appears much more sharply differ-

entiated from the neighboring regions.

Ectodermal epithelium, ciliated bands, and intermediate areas. The course of

the ciliated bands is in general as in the younger stages.

The foremost band surrounds the apical pit with its tuft of cilia. On the

ventral side it is interrupted by the more or less circular attachment pit into

the ciliated borders of which its ends pass over.

The second bow is entire; in the median line ventrally it is arched forward

slightly and passes between the attachment groove and the vestibular invagination.

Dorsally in the median plane it is arched forward somewhat, though not so much
as on the ventral side. Its course varies more or less in details in different

individuals.

The third band is far displaced posteriorly in the median line ventrally by
the extension of the vestibular groove, about the posterior angle of which it runs.

Later, as the vestibular groove is further extended posteriorly, it cuts across this

third band, which sinks into it and takes part in its formation. This third band,
thanks to the broad ventral posterior sweep and to its slightly diagonal course

along the sides of the embryo, is the longest of all.
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The first three bands lie anterior to the internal organs over the region from
which later the stalk is formed. The third approximately indicates the dividing
line between the stem and calyx of the fixed larva. The fourth band surrounds

the posterior body region over the internal organs, and does not present any
marked irregularities. The fifth surrounds the posterior pole of the body beyond
the internal organs.

In the ciliated regions the epithelium is thickened and arched outward, except

dorsally in the median line where it is more flattened; inwardly toward the body
cavity a feeble concavity may underlie the external more marked convexity.

The cells are high prisms, pjTamids. or spindles of extremely small diameter,
which extend from the exterior to the body cavity. On the outer side they bear

a glistening investment over a cuticle-like edging, striped at right angles to

the surface.

The cilia are deeply inserted in the outer part of the cell body. The nuclei,

especially in haematoxylin. stain very quickly and intensively. They are markedly
smaller than the nuclei of the cells in the intermediate zone and have greatly
increased in number by division during the preceding development period. Since

frequently a new nuclear division intervenes before the cell body has completed
a previous division, several nuclei can easily be found in a single cell.

The nuclei of neighboring cells lie at different heights, but mostly near the

middle or in the inner cell half.

Structurally closely related to the slightly protruding type of ciliated band

just described is another, which differs in that it does not rise above the general

body surface, but instead is somewhat depressed below it so that it forms a

shallow furrow. This occurs on the dorsal surface of the larvae in the median

line, and sometimes elsewhere.

The glistening cells here appear as extraordinarily attenuated pyramids, the

bases of which are toward the body cavity, while the cilia are attached to the

apices. Each cell apparently carries a single cilium.

The four zones bounded by the ciliated bands and the posterior ring are

composed of considerably larger cells which lack the glistening character; in

end view these are irregular polygons mostly six, sometimes five sided. The
nuclei are larger than those of the glistening cells, but much less easily stainable,

and lie mostly in the middle or near the inner end, very seldom toward the outer

end. In some no chromatin granules can be demonstrated, and it is possible the

chromatin may entirely disappear. Sometimes there are two nuclei in an

undivided cell body.

Among the normally formed ectodermal cells there appear in later embryonal
life certain other elements. These may be described as club-shaped cells contain-

ing a nucleus and colored deep yellow ; the broader end is outward, and not only
reaches the surface but sometimes projects beyond it.

After preservation in alcohol and staining in ha?matoxylin these structures

stand out intensively, and it is then easily seen that the coloration comes from

variously formed inclusions in the cells which lie at different heights, sometimes
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in the inner cell end near the nucleus, sometimes on the outer side in part extruded

from the cell. These inclusions appear to be products of the cells in which they

lie, and the cells appear to be ectodermal gland cells. The function of the cells

and of their secretion is unknown.

During the free-swimming larval period the cells excrete externally a fine

cuticular membrane, and between them a clear homogeneous transparent glass-

like intermediate substance appears, first at the outer cell ends, later advancing

gradually inward. Simultaneously the nuclei move into the inner ends of the

cells and their chromatin content again increases.

Very soon after the commencement of the secretion of the intermediate sub-

stance the cells begin to withdraw from the surface, becoming club-shaped, and

occasionally almost spherical, and lying at the base of the ectoderm between

the protoplasmic bodies of the other cells which still reach to the outer membrane,

but which are no longer throughout parallel to each other.

To what extent the shortening of the cells is related to the secretion of the

intermediate substance is not clear, but the rounded cells have lost in volume,

while among the elongated cells many can be seen which are about as large as

in the first few hours of free existence.

Toward the body cavity the border of the ectodermal layer is no longer so

well defined as in the younger stages, for the club-shaped and rounded cells

project more or less inwardly; but in spite of this and of the fact that the

formation of the intermediate substance gives the ectoderm a certain similarity

to connective tissue, especially in later stages, no doubt can at any time exist during

the free-swimming period as to whether a given cell belongs to the ectoderm or

to the mesoderm.

Apical pit and nervous system. During the free-swimming larval period the

apical pit and the subjacent nervous layer reaches its highest development, only

to dwindle and disappear soon after fixation.

In the preceding stage individual ectodermal cells had migrated to a position

beneath the ectoderm where, separated from the body cavity by a membrane, they

had changed their form and a fine fibrous layer had appeared.

Little by little the number of these subepithelial cells increases, chiefly through

the inward migration of new ectoderm cells, but also by division. They become

markedly shorter, and send out one, two, or three processes. They become rounded

when about to divide. These are evidently bi- or multipolar ganglion cells.

The size of the cell body is variable, between 0.005 mm. and 0.006 mm.
measured without the processes, which may be of various lengths.

The cells lie on the fiber layer, between it and the ectoderm; a few of them

force themselves deeper and become entirely surrounded by the fibers.

The fiber layer has become very considerable under the apical pit, and extends

thence outward over the anterior end of the larva, becoming gradually finer toward

the periphery and disappearing at the second ciliated bands. Only individual

fibers proceed further posteriorly along the sides to supply the posterior ciliated

bands.
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Only in the most anterior portion of the larva does the membrane mentioned

above separate the nervous elements sharply from the body cavity; farther

posteriorly it becomes less and less prominent during the later larval existence,

while at the same time connective tissue fibers appear.
In th*e center of the nervous apparatus directly under the apical pit there

lie on the fiber layer very numerous irregular ganglion cells arranged in several

layers. Laterally and farther posteriorly they become progressively less and

less common, and over the finer fiber strands none occur.

Prominent on account of their size and constant in their course are two

nerve cords which arise from the central fiber layer under the attachment pit and

run right and left along the ventral side of the larva in the angles formed through
the vestibular invagination. In cross section they appear triangular, with the

smaller side toward the body cavity and the two longer toward the inner side

of the ectoderm, and the lateral wall of the vestibule. Posteriorly both become

progressively finer
; they probably reach the fourth ciliated band.

In the anterior portion isolated ganglion cells lie on the side toward the body

wall, but in the posterior portion these seem not to occur, and here only detached

ectoderm cells are found which have only partially withdrawn from the ectodermal

layer. These latter consequently resemble those in the apical pit at a younger

stage which are in process of moving to a subepithelial position as a preliminary
to .transformation into ganglion cells. But in the posterior region of the two

ventral nerve cords the cells do not complete the transformation into ganglion

cells, since before sufficient time has elapsed for this the degeneration of the

whole nervous apparatus supervenes.

During the later embryonal period the cells which remain in the epithelial

layer of the apical pit have become markedly altered, and. like the cells in the

ciliated bands, have greatly increased in number. They are now slender wandlike

cells, which possess a deeply stained usually elongate nucleus situated near their

inner end. In the central portion, where they are longest, they are from 0.025

mm. to 0.030 mm. in length, decreasing thence toward the border so that their

deeply stained nuclei in longitudinal sections through the region form an arc-

shaped band with the concavity toward the exterior. On their outer ends they

carry the long cilia which are deeply embedded in the euticular cell ends, causing
the latter to appear longitudinally striped. Just under this longitudinally striped

zone there is a narrow band of deeply stained cytoplasm.

On the basis of differences in the inner ends two sorts of cells can be differ-

entiated in the apical pit. One type has a clublike swollen or truncated end;
these are shorter than the others and lie irregularly distributed among them;
their nuclei lie quite near their inner ends. These appear to be supporting cells.

The second type tapers off into an exceptionally fine and long process which

extends between the ganglion cells in the fibrous layer. These are to be inter-

preted as sense cells having to do especially with taste, since from the reactions

of the larvae a certain amount of the ability to taste is to be inferred.
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It is probable (though not proved) that only the true sense cells carry cilia.

Attachment disk and vestibular invayination. The attachment disk, first

demonstrable at a considerably younger stage, now appears elongated and deepened.
Within its compass in the fully formed embryo the prismatic cells show a fine

ciliation, but the cilia are markedly shorter than those of the apical pit. Later the

cells divide and become wandlike, but they never become so fine as those of the

apical pit. No subepithelial ganglion cells are formed here, and apparently there

are no sense cells. Such ganglion cells as occur are confined to the border zone

and appear to have arisen through the division of the ganglion cells originating
from the ectoderm of the apical pit.

The nuclei of the cells in the attachment pit are mostly somewhat larger
and more elongated than those in the sense cells, and in hsematoxylin stain a little

less deeply. They lie at different heights in the inner half of the cell, only

occasionally in the outer half.

Sometimes the cells at the base of the pit are very long, almost a third again
as long as the sense cells in the apical pit.

Just before and during the fixation of the larva the glandular character of

this region becomes more and more marked; the cilia disappear, the cells become

mostly somewhat shorter and thicker and give off exteriorly a layer of homoge-
neous secretion, which accomplishes the fixation.

In the larva just liberated the vestibular imagination extends over the greater

part of the ventral side. As in the younger stages, it is deepest anteriorly, becom-

ing shallower posteriorly where it is bounded by the anterior border of the third

ciliated band. Very soon the ventral median portion of the third band becomes

involved in the extending invagination, which reaches to the fourth bow.

The cells of the vestibular floor are long and almost wand-shaped, and their

nuclei lie at different heights, though in the anterior median portion almost

exclusively in the inner end near the body cavity, from which, as from the mesen-

chyme cells, these cells are sharply cut off.

On their outer ends the cells carry cilia which are embedded in a cuticlelike

layer, so that the section shows a certain similarity to a section through the ciliated

rings.

The whole invaginated region is lined with a single layer of cells. Such cells

as do not reach across the entire thickness have probably just arisen through
division and have not as yet reached their ultimate length.

Because of the enlargement of the surface which this portion of the ectoderm
wall undergoes, active cell division must occur. In the posterior part of the begin-

nings of the vestibule, where at first only a slight flattening is found, the ectoderm
is noticeably thickened and shows numerous dividing cells. Later the median

portion sinks in, and this posterior part assumes the character of the more anterior

sections.

If the larva remains free swimming for more than 24 hours important changes
occur in the vestibular invagination. If it attaches itself immediately these

processes take place in the fixed stage after the disappearance of the ciliated bands.
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On the second day the edges of the vestibular invagination approach each

other and finally grow together in the posterior portion, this union of the two sides

gradually extending anteriorly until an extensive tubular structure is formed which

opens to the exterior on the ventral side through a constantly decreasing opening
behind the second ciliated band.

The vestibule never appears to become entirely closed during the free-swim-

ming period, but only after fixation.

The vestibular tube later extends under the fourth ciliated band, but whether

this is an extension of the open furrow or of the closed tube itself has not been

determined. If concerned at all, the fourth ring can only play a small part in

the formation of the vestibule.

Occasionally, in addition to the normal closure from the posterior end, the

sides of the anterior portion also grow together, though this only takes place to

a limited degree.
In the still open anterior portion the vestibule shows in section essentially

the same features as in the younger larvae, except that it has become somewhat

deeper and has increased in size proportionate with the increase in size of the

entire larva.

Farther posteriorly, where the closure is already completed, the vestibule

appears tubular, strongly compressed dorso-ventrally. The lumen is very narrow,
the walls very thick, especially dorso-laterally ; they are thinnest along the floor

of the groove.
At the end of the free-swimming larval period the ciliation of the vestibular

invagination disappears. The cilia appear to persist longest in the anterior por-
tion in two narrow lateral zones running near the border in which the cells are

richer in plasma than elsewhere. In these zones the cell borders can not be

differentiated throughout. The nuclei lie in the cell end toward the body cavity,
which is richer in plasma than the other, while outwardly the plasma appears
netlike, inclosing a homogeneous substance.

In preparations treated with absolute alcohol the intermediate substance

retains haematoxylin stain to a remarkable degree, and in such sections it appears
in the form of intensively colored club-shaped figures.

In the portion of the vestibule already closed into a tube the wall is essentially

single layered. The lateral cells are of considerable length and carry the nuclei

at different heights. Even when the cilia have disappeared, the cuticle-like cell

border can be demonstrated.
Intestinal Canal.

Of all the internal organs the intestinal canal undergoes probably the least

change during the later embryonal and free-swimming period.

As last described it was an entirely isolated sacklike structure surrounded by
the two ccelome pockets and the beginnings of the water vessel. At no place does

it come in contact with the ectodermal body wall, from which it is entirely excluded

by the surrounding organs.

142140 21 Bull. 82 31
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With the growth of the whole body the digestive apparatus becomes extended
;

its walls become appreciably thinner, and its form alters in a remarkable way.
It becomes elongated in the direction of the major axis and at the same time

somewhat compressed dorso-ventrally. But sometimes it is enlarged dorso-ven-

trally, as well as elongated in the direction of the major axis, so as to appear
more or less baloonlike. As this is the usual form in the young attached animal,
this may be considered as premature development.

Normally the dorsal wall is rather strongly convex, while the ventral wall

is concave, and in the concavity of the latter lies the water vessel.

The dorsal wall is thick and is composed of a single layer of high prismatic

cells, of which the nuclei lie near the lumen. The ventral wall for the most

part is composed of a single layer of approximately cubical or low-prismatic cells

which carry the nuclei mostly in the inner half.

Anteriorly the intestinal canal tapers rather abruptly and ends against the

parietal canal and the most anterior end of the right ccelomic sack.

In rare cases there are found within the lumen in larvae just liberated a few

intrusive cells. Later these cells occur very extensively.

Generally speaking, the relations as just described are only slightly altered

during a free-swimming period of two or three days.

The gut swells out on all sides, eventually becoming globular, and as the

concavity of the ventral wall decreases individual cells detach themselves from

the wall and pass into the lumen. But this process is of limited extent, for at

the most Seeliger counted only 20 such cells in the oldest free-swimming larva,

while in many the gut lumen was entirely empty.
In the most advanced larva- there appears approximately in the middle of

the ventral wall a small evagination directed toward the ectoderm. This elongates

through the center of the water vascular ring, this space being occupied merely

by a few mesenchyme cells. An extensive proliferation of ectoderm cells from
the lower side of the vestibular invagination grows out to meet it, though it is

usually later in the fixed larva, after the vestibule has entirely closed, that the

two unite.

The dividing line between the ectodermic and mesodermic layers can be demon-

strated for a long time, and thus the esophagus is clearly seen to be a purely
ectodermal structure.

Ccelome and Ohamtiered Organ.

The shifting about of the two coelomic pockets originally lying right and

left, which began during the embryonal period, becomes much further advanced
in the free-swimming larva.

The right ecrlomic sack has passed around the entire dorsal side of the intes-

tinal canal, posteriorly having almost entirely moved into a dorsal position, and
has permitted a process from the left sack to take part in bordering the gut on
the right side. Further anteriorly, however, it elongates on the right side of the

intestinal mass, covering the gut and water vessel, widely ventralward to the
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immediate vicinity of the vestibular invagination. Its foremost end extends out

somewhat over the gut and reaches the transverse branches of the parietal canal.

The walls are single layered throughout; that appressed to the gut is some-

what thicker than the opposite, though always markedly thinner than the gut

wall, and is composed of cubical or low-prismatic cells, which for the most part

carry their nuclei near the ccelome lumen. In the dorsal wall there are already

found in many places pavement cells, which, however, are always sharply differ-

entiated from the mesenchyme cells.

In cross section the lumen appears almost sickle-shaped, since the dorsal and

ventral walls have moved considerably nearer to each other, and both are strongly

concave toward the gut.

The course followed by the left ccelomic sack is somewhat more difficult to

determine than that followed by the right. Anteriorly, it never reaches so far

as the other, extending only slightly beyond the fourth ciliated band, while it

terminates on the obliquely running end pieces of the parietal canal. From the

left it grows out over the whole broadened posterior side of the intestinal canal

and water tube, and stretches over their right side, where it extends itself anteriorly.

This encroachment on the right side in larvae just liberated is emphasized in very

different ways. In the posterior ventral portion of the gut and water vessel it of

necessity must remain closely circumscribed, but its anterior extension varies.

Sometimes it is merely a small tip which is found at the right of the gut ; again,

it extends farther forward, especially on the right side of the water vessel, and

sometimes it reaches anteriorly as far ventrally as on the left side; that is to say,

far over the region of the fourth ciliated ring.

But the ventral side of the water vascular system remains uncovered by the

left cffilomic sack almost throughout its entire extent. Only at the hindmost end

can the latter be seen extending over a small area of its ventral side.

The lumen of the left ccelomic. sack, like that of the right, is narrowed to a slit.

Histologically its walls differ very strikingly, for they are throughout thinner,

and are composed of a single layered pavement epithelium; only in the portion

joining the right ccelomic sack, the mesentery, are the cells somewhat higher and

prismatic.
In larvae just liberated the plane of contact between the two ccelomic sacks

appears horseshoe-shaped in section, the horseshoe being open anteriorly.

During the several days of free-swimming larval life important changes occur

in the ccelomic sacks.

The right, after entirely growing about the gut dorsally in the anterior part,

has passed over a little onto its left side : but the border of the right sack always

lies nearer the ventral side than that of the left. The anterior end no longer

covers anteriorly the entire intestinal canal, while the parietal canal moves more

ventrally.

On the anterior side of the gut it grows in toward the ventral side, and

laterally anteriorly in two pockets separated from each other. These pockets come



458 BULLETIN 82, UNITED STATES NATIONAL MUSEUM.

into contact over the gut near the median plane and there form a sort of mesentery,

which later is of significance as the vertical mesentery of the right ccelome.

Histologically the only change to be noticed is the thinning of the ccelome

wall running parallel to the enlargement. On most places there is a moderately
fine pavement epithelium. In the mesentery and on the ventral wall of the left

diverticulum (adjacent to the parietal canal) larger prismatic or cubical cells

are present.

From the anterior wall of the two diverticula, as well as farther dorsally on

the place of division, there arise five tube-like evaginations, which indicate the

beginnings of the chambered organ. At their place of origin they are broadened

out, ampulla-like; anteriorly the lumen narrows very rapidly and soon entirely

disappears, so that they show merely cord-like structures, which extend very far

anteriorly into the region circumscribed by the second ciliated ring. All five

tubes surround the major axis of the embryo and, passing the rudimentary colum-

nals at right angles to their planes, reach the terminal stem plate. When the

rudiments of the columnals are horseshoe-shaped they surround the chambered

organ and its extensions dorsally and laterally. In the fixed larvae, when the two

ends of the horseshoes have joined and the plates have become circular elements

with a large hole in the center, the chambered organ lies in the channel thus

formed.

In cross section the five tubes appear arranged on the periphery of a circle ;

mesenchyme cells appear not to occur between them. Just at their origin the

diameter of the circle is relatively broad, and the individual tubes are large with

an extensive lumen ; farther anteriorly the cords into which they are drawn out

lie nearer together.

Seeliger numbers the tubes from 1 to 5, 1 being the one arising ventrally

from the left point of the right ccelome, 2 the one just dorsal to it, and 5 the one

at the ventral end of the right sack.

Histologically each part of the chambered organ is a single-layered tube

formed of pyramidal or cubical cells, the nuclei of which almost always lie in

the middle or in the outer ends. There appears to be no ciliation of the lumen.

Toward the anterior end of the animal where there is no lumen the cells become

longer, almost spindle-shaped. They may be differentiated from the surrounding

mesenchyme cells by the closer crowding and by the somewhat more intensive

staining of the nuclei.

Certain changes have taken place in the left coolomic sack. On both sides it

has extended farther anteriorly, especially on the right, and this right branch now

ends at the same level as the left, slightly behind the anterior end of the gut.

Neither the anterior side of the gut and hydrocrele nor the ventral side of

the latter are covered by the left ccelomic sack, of which the walls anteriorly

as well as ventrally are some distance away from the walls of the others.

Anteriorly on the ventral side the beginnings of the vestibule lie between the

side pieces of the parietal canal. The horseshoe-like form of this canal has become

more marked. The two side pieces have become quite equal and no longer lie

ventral to the right ccelome throughout their entire extent. The right lies nearer
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the ventral side and entirely covers this side of the hydroccele, which is only

partially done by the left.

As in the preceding stages the wall of the ccelome is composed throughout of

one layer of cells, which becomes very thin on the portions adjacent to the gut,

where it is sometimes reduced to a fine pavement epithelium. Of all the cells

those in the mesentery are the highest.

Eydroc&le and Parietal Canal.

Toward the end of the embryonal period the commencement of the hydroccele

closes itself off from the parietal canal and bends itself about in such a way that

in cross section it appears horshoe-shaped with the right branch somewhat larger

than the left. This right branch develops rapidly at the expense of the left,

which finally reaches much less far posteriorly than previously. So much does

the right branch enlarge that posteriorly it reaches as far toward the left as the

other, causing the opening of the horseshoe to appear displaced toward the

left, where it is covered in part by the anterior end of the left ccelome.

At this stage five knob-like evaginations directed toward the ventral side

appear on the hydroccele, from each of which later three tentacle vessels arise.

It has not been definitely determined whether these evaginations are simultaneous,

or whether, if not, there is any definite regularity in their appearance. In any
case they appear very suddenly and almost simultaneously, for of larvae of the

same age a short time after their liberation some show none and some show all

five already formed.

Numbers 1 and 5, at the two extremities of the sack, are commonly more

advanced than the others, and it is not improbable that they are formed first.

Number 4 appears to be in early stages the least developed.

The peculiar horseshoe-shaped form taken by the hydroccele indicates that

it can readily become closed into a ringlike form: but the formation of a closed

water vascular ring first occurs at a considerably later stage.

The walls are everywhere composed of a single layer of cells which are

prismatic or pyramidal in form and of approximately equal height, as in the

gut. Their nuclei lie throughout in the inner ends of the cells, near the lumen.

In the older free-swimming larvae the opening of the horseshoe becomes

directed toward the anterior and left, turning about an angle of more than 90

anticlockwise. The two ends of the liydroccele have now closely approached each

other, and the five primary evaginations have become considerably more extensive.

The walls are still of a single layer of cells, but on the side toward the gut they

are markedly thinner and are there for the most part composed of almost cubical

cells.

It is in the older free-swimming larvae that the first beginnings of the primary
stone canal can be recognized. It shows itself as a short process from the (origi-

nally) left blind end of the horseshoe-shaped hydroccele running dorsally and

toward the left and inserting itself between the anterior end of the gut and the

parietal canal, ending blindly on the right ccelomic sack. At this stage there is

no longer an opening into the parietal canal.
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During the last of the embryonal period and the free-swimming larval exist-

ence the parietal canal undergoes important changes. It soon closes off entirely

from the hydroccele and becomes a tubular structure running dorsally from it,

while in the free-swimming larva its major part comes to lie directly in front of it.

The left end grows posteriorly and lies at the left of the hydroccele and gut,

reaching the ectodermal body wall just before the fourth ciliated band, eventually

opening outward here through the pore.

In the young larva the pore lies between the two branches of the hydroccele,
between the places where the first and fifth evaginations will arise.

The formation of the pore often occurs in the final embryonal period, and the

opening is always clearly visible in larvae of a few hours' age. There is some-

times a slight infolding of the body wall in the immediate vicinity of the pore,

but again the small-celled terminal portion of the parietal canal may extend into

the body wall as if it had bored its way through it. In any case, the part taken

by the ectoderm in the formation of the end piece at the pore is very small.

At its first appearance the pore lies to the left of the median plane, distant

from it about one-sixth of the circumference of the larva. Later the distance

increases somewhat.

At the pore the lumen of the canal is very small, but it broadens rapidly
inward and anteriorly, going over into the transversely running major portion,

which is very differently developed in different individuals. In somewhat more

developed stages in which the anterior gut end is more rounded it becomes

more extensive, and at the same time part of the earlier ascending branch retains

a more transverse course.

At the place where these two sectors pass over into each other there is to be

noticed in quite young larvae a short hornlike process, directed toward the right

and posteriorly, which lies in the angle between the anterior end of the gut and the

left hydrocffile. This process, which later disappears, appears to be the last rem-

nant of the original connection between the parietal canal and the hydrocoele sack.

The last section of the parietal canal is the anterior process. This arises from

the transverse portion ventrally near the median plane and runs forward, a little

toward the left, extending to before the second ciliated ring under the attachment

pit. Anteriorly the lumen becomes progressively narrower, finally disappearing

entirely, though in some cases the foremost end swells into a knoblike structure

with a prominent lumen.

The posterior end, representing the position of the transverse section, lies

very near the base of the vestibular invagination, though not directly upon it.

Farther forward the tube approaches it and clings to it, so that the whole process
is feebly curved in the form of a bow with the concave side directed ventrally.
This anterior process is a very striking structure.

The wall of the parietal canal is composed of a single layer of cells through-

out; it is markedly thinner than in the 75-hour embryo (the stage in which it

was last described), though everywhere clearly demonstrable and sharply differ-

entiated from the other tissues. The cells are cubical or slightly flattened, some-
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what higher in the middle section, somewhat smaller in the terminal. During
the free-swimming larval period it undergoes no important changes.

With the closing off of the vestibular invagination all of the internal organs
are displaced toward the dorsal side, and at the same time the distance of the pore
from the median plane has reached about one-fifth of the circumference of the

larva.

As a consequence of the changes in the hydroccele as just described the pore

no longer lies at the level of the region between the first and second primary

evaginations. The ascending branch shows a tube of considerable length which

rises more steeply anteriorly than was earlier the case. The hindmost end, ter-

minally broadened out ampullalike, lies embedded in the ectodermal body wall.

Especially extensive is the transverse portion; on all median longitudinal

sections it is met with cut across as a thin-walled structure with a wide lumen,
rounded or somewhat flattened dorsally, placed before the gut and hydrocoele

ventral to the former and directly over the latter.

In the old larvae the condition of the anterior process varies. In some cases

it can be demonstrated, but in most it has entirely disappeared, apparently having
been withdrawn into the transverse branch. There is no evidence that it has

degenerated and that its constituent cells have become mesenchyme cells, as has

been supposed.
The walls of the canal, except in the hindmost section, have become thinner,

most markedly in the transverse sector, which for the greater part is lined

with pavement epithelium, though toward the dorsal side where it borders on the

right coalome the cells are somewhat higher and richer in plasma. Seeliger be-

lieves that the pore and the outermost end piece are ciliated.

Meatncliyme.

Most of the mesenchyme cells which are not occupied in the formation of

the calcareous skeletal elements are now assuming the form of connective tissue

cells, while some are transforming into muscle cells.

The connective tissue cells occur in all possible forms in varying sizes. In

the youngest larvae they are predominently rounded or provided with small

processes posteriorly and along the major axis anteriorly, while peripherally

star-shaped and spindle-shaped cells are common. In older larvae, generallv

speaking, the size of the mesenchyme cells decreases somewhat.

Apparently in the living animal the cells are able, through amoaboid move-

ments, to alter their form quickly and in the most diverse ways.

In the lateral portions of the anterior section the processes of the star-shaped
cells become progressively more and more extended and begin to unite with

each other, so that there appears in sections, cut at a. later stage through the column,
a very loose connective tissue layer made up of branched fibers under the ectoderm,
while toward the middle rounded cells, placed much closer together, form the

calcareous elements of the column. On the ventral side in the median plane these
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skeletal- forming mesenchyme cells reach the ectodermal vestibular invagination,
there being no connective tissue layer between.

In addition to the rounded and star-shaped cells elongated strongly refractive

cells stand out prominently, which appear to be muscle fibers in process of for-

mation. They appear to have no definite arrangement but run in various directions.

In later stages they appear to become still more elongated fibers, mostly passing

quite through the loose connective tissue layer, which bear on the side a plasmatic
cell body containing the nucleus.

In addition to the muscular fibrillae there occur rather prominent, mostly

undulating, smooth fibers traversing the connective tissue which show neither a

nucleus nor a superposed cell body. These are probably elastic fibers, though
possibly only simple connective tissue fibrillae.

The fact that larvae of this age are able to alter their form to a considerable

degree shows the existence of functional muscle fibers.

By far the greater part of the mesenchyme cells in the posterior portion of

the animal, which later becomes the calyx, and in the central portion of the anterior

section, are occupied in the formation of the calcareous plates of the calyx and
column.

In the last stage described all of the calcareous elements were laid down except
a few columnals which appear later intercalated between those at the calical end
of the column. During a large part of the free-swimming period there ensues

only an enlargement of the individual plates and insignificant alterations in their

relative positions.

Their form and size vary exceedingly in different individuals. In many they
have developed only slightly, while in other larvae the columnals have become con-

siderably enlarged and are no longer crescentic, but have assumed the form of

closed rings, though this usually first takes place in the fixed stage.

The orals and basals of the left side (1 and 2), which at first were situated

more anteriorly than those of the right, have moved posteriorly, so that they are

now on the same plane as these
;
but the ventral orals and basals always lie farther

anteriorly than the dorsal, and the planes in which the orals and basals lie are

approximately at right angles to the water vascular ring.

The infrabasals lie at the same height as the basals but more centrally, so

that they are covered by them. They are disposed in a horseshoe open ventrally
and toward the left.

The calcareous rudiments of the columnals have moved farther from each

other, and the terminal stem plate thus approaches the base of the attachment pit

to which it lies nearly or quite parallel.

The relation between the mesenchyme cells and the plates which they form
onn best be determined on longitudinal sections through the anterior part of the

larva. Such sections show the invariable existence of two layers of strongly
rounded mesenchyme cells between each two columnals. Beyond these, outside

of the compass of the calcareous plates, similar cells lie closely appressed to each

other, which later will take part in the enlargement of the plates and in the

formation of their peripheral processes.
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ATTACHMENT OF LARVA AND ITS TRANSFORMATION INTO STALKED FORM.

DESCRIPTION OF LARVA DP TO FIFTH DAY AFTER ESCAPE FROM EGG MEMBRANE.

After a free-swimming existence lasting usually for only a few hours, more

rarely for two or three days, the larva attaches itself by means of the attachment

disk at the anterior end.

In an aquarium this may be observed very readily, for the larvse will attach

themselves to almost anything, to the glass walls, to stones, to shells, and to various

parts of seaweeds; but they seem to avoid attaching themselves in places where

the water is agitated.

It is easy to preserve the larvae together with the vegetable support to which

they are attached, when the base can easily be cut in sections and the details of

the attachment made clear.

After fixation development progresses in different individuals at very different

rates, so that no general statement can be made as to the exact time when any
given process takes place. The difference, indeed, may be so great that it is

possible to find among larvae 110 hours old many which have not passed the

48-hour stage.

This is in strong contract to the extraordinarily synchronous way in which

the earlier development takes place in the embryos of the same brood.

As a result of the position of the attachment pit on the ventral side of the

anterior end of the body the young larva at first lies with its entire ventral side

almost in contact with the object to which it is attached. Simultaneously with

the differentiation of the body into calyx and column the larva elongates and raises

itself to a position with the major axis at right angles to the plane of its support.
The erect attitude is, as a rule, first attained when the roof of the vestibule

has broken through, the tentacles have become extremely mobile structures of

considerable length, and the stalked larva appears capable of the independent
assimilation of nutriment.

Directly after the attachment, when the vestibule is still on the ventral side,

the indications of radial structure are restricted to the five evaginations of the

hydroccele ring, the beginnings of the chambered organ, and the basals and orals,

though none of these have attained their ultimate position.

But during the changes about to be described the pentamerous structure

becomes dominant, although the original median plane can always be determined.

In the early fixed larva a cross section shows the bilateral symmetry dis-

turbed only by the parietal canal, which is confined to the left side, and by the pore.

The vestibule first shows a radial structure when it has moved entirely onto

the free posterior end, while in the section of the calyx adjoining the column there

is even then no indication of a radial arrangement.
The rays in the stalked larva are indicated by Seeliger with the numbers

I-V: Ray V stands in the median plane of the bilateral larva ventrally; that is

to say, the plane in which the last trace of the vestibular invagination has dis-
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appeared. To the left of ray V is ray I, and to the right ray IV. The left

dorsal ray is ray II, and the right dorsal ray ray III.

Thus the pore lies between radii I and V, but very near the former.

The five primary hydrocnele evaginations coincide with the radii I-V.

The ciliated bands disappear immediately after the fixation of the larva, and

the ectodermal epithelium shows a uniform structure throughout. The first (most

anterior) incomplete band is the first to go, followed a few hours later by all the

others. The disappearance of the first band may even occur before fixation.

Occasionally free larvae are found lying on the bottom of the containers which

have lost all of the ciliated bands. But it is possible that these larvae are incapable

of further development, and in general it is correct to consider the disappearance

of the cilia as the result of attachment.

It has already been mentioned how in the intermediate zones of the older free-

swimming larva the cells begin to secrete a homogeneous hyaline substance while

their protoplasmic content decreases in volume so that the epithelial layer appears

loose. After fixation the same process takes place in the ciliated bands, so that

very soon their borders are no longer demonstrable.

When this process has been completed the whole ectoderm is composed of

detached spindle-shaped cells, considerably elongated, which for the most part

stand at right angles to the surface, in section resembling somewhat the palisades

of a wooden fence. In addition there are found other types of cells, some of

pyramidlike shape with broadly expanded bases turned either outward or inward

and long drawn out apices, and others more rounded, almost spherical.

The spindle-shaped forms predominate in the anterior section of the column,

while the rounded forms are more commonly met with in the region of the hydro-

ccele ring. In the middle of the cells are the nuclei, which are sometimes seen

in process of division.

In general cell division in the ectoderm is rare at this stage, and an appreciable

enlargement of the number of cells no longer occurs. It is possible that with the

increase in the intermediate substance in the ectoderm the cell borders entirely

disappear.
Some of the ectoderm cells have withdrawn from the surface and have assumed

a subepithelial position, a process the commencement of which may be observed

in the older free-swimming larvae. In addition to these cells, which have passed

out of the ectoderm in their entiety, there are others, originally subepithelial in

position, which have arisen through the division of ectoderm cells parallel to the

body surface instead of at right angles to it.

In the free-swimming larvse the ectodermal body epithelium is everywhere

sharply defined, and nowhere can there be a doubt whether a given element belongs

to the ectoderm or to the mesenchyme. But soon after attachment the relation

between the ectoderm and the inner elements undergoes an important change.

Simultaneously with the inward migration of numerous ectoderm cells, and the

giving off from them of processes directed into the body cavity, individual star-
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shaped mesenchyme cells increase the length of their processes, which then unite

with those of the ectoderm cells. When it is considered that individual ectoderm

elements of varied form pass down beneath the processes of the others, and that

individual mesenchyme cells pass upward to the same level, it is obvious that a

sharp line of demarcation between the ectoderm and mesoderm can no longer be

drawn, and that in regard to numerous cells it is impossible to determine the layer

from which they have arisen.

In many cases Seeliger found the histological character of the ectoderm at

the posterior end of the body, where it forms the closed roof of the vestibule, some-

what different from that covering the remaining portions of the body surface.

Under the sharply defined external layer is a layer of plasma containing

numerous nuclei; cell borders are only to be made out vaguely in a few places.

Toward the body cavity a few pinlike plasmatic processes extend, and between

them are a few subepithelial ectoderm cells which are united with the superficial

cells by broad plasmatic bridges.

The central portion of the flattened ectoderm wall of the vestibule has already

approached the outer body wall, indicating the position of the later rupture.

In younger larvae this region is often one of especial thickness, including an

abundant connective tissue which later is in part resorbed.

Immediately after the attachment the whole region of the apical pit undergoes

the same alterations as the rest of the ectodermal epithelium, and becomes in

every way similar to it. The tuft of cilia vanishes; with the appearance of the

intermediate substance the sense and supporting cells lose their characteristic

forms, and the ganglion cells also can no longer be recognized as such. The thick

layer of nerve fibrillas disappears, and the membrane separating it from the body

cavity is no longer demonstrable. There is no further trace of the longitudinal

nerve cords running on either side of the vestibular invagiriation.

After fixation the region of the attachment pit quickly broadens to a disklike

structure, which in the older larvae may acquire a very considerable circumference.

Over the surface of this disk there is a thin layer of a viscous secretion arising

from the gland cells which accomplishes the fixation. The surface itself is quite

smooth, without processes which might penetrate a foreign substance.

The terminal stem plate has now moved down directly on to the place of

attachment, and in some places is coveered only by a single, sometimes very thin,

layer of cells. Some of these cells stretch out coarser or finer processes through
the holes in the plate. The nuclei can be easily recognized in the granular plasma ;

they show the chromatin in varying amounts and arranged in different ways.

VESTIBULE.

Normally very soon after fixation, but exceptionally at the end of a long free-

swimming period, the vestibular invagination becomes entirely closed off from

the ectodermal epithelium. This process takes place very quickly, within a few

hours.
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At first the vestibule extends over the entire ventral side, and encroaches

slightly on the posterior end. Later it migrates posteriorly until it leaves the

ventral side and becomes confined to the posterior end, which it entirely covers.

When the anterior portion of the vestibule is still open the various walls of

the posterior closed part are seen to be very differently constituted. The whole

basal wall is extraordinarily thickened and lies close down upon the water vessel

so that the tentacular evaginations force themselves into it. The side of the

vestibular wall turned toward the lumen is entirely smooth, and of the tentacles

there is nothing to be seen.

Through the center of the as yet unclosed hydroccele ring a solid process runs

toward the gut to which it is attached. This represents the place on which in the

free-swimming larva a peglike process is formed on the primitive gut.

As a rule after the closure of the vestibule the ectodermal portion can be

differentiated histologically from the entodermal.

In the anterior part of the basal wall the nuclei lie almost exclusively very
close to the body cavity ; posteriorly they become more numerous, and not only are

not restricted to the innermost portion of the cells, but occur as far as the middle,
and occasionally in the outer halves.

Seeliger was not able to demonstrate cell borders. Toward the posterior end

the basal wall gives the impression of a multinuclear plastic plasma mass, and

very often here a lighter middle zone can be differentiated between two darker

bordering zones. While in the latter the plasma usually appears granulated, in

the clearer portion the general impression is that of a fibrillar structure.

The zones show individual variation in extent as well as in position, and in

many cases are quite lacking. In that event the whole base is composed of a

uniform finely granulated plasma. Since sections of the ciliated bands as well

as of the intermediate areas are involved in the formation of the vestibule, it is

perhaps possible that the differences are traceable to this.

In addition to the nuclei, which are quite typical and generally poor in

chromatin, there are very numerous (in the light zone much less frequent)
smaller rounded bodies which stain very intensively in hfeniatoxylin and retain

the stain as tenaciously as the chromatin of the nuclei. Bury believed these to

be phagocytes. Seeliger at first considered them chromatin granules from

degenerated nuclei, but later supposed them to be bodies arising in the plasma
which were later consumed.

In the hinder part the lumen of the closed vestibule is crescentic in section,

with the concave side turned inwardly; in the anterior portion it is elliptical,

with the longer axis transverse.

In the cuticular layer bordering the vestibular cavity a radial striping can

no longer be demonstrated.

From the floor of the vestibule outward the walls decrease rapidly in thick-

ness, and in the median plane ventrally the lumen is separated from the exterior

only by a very fine layer of cells. This ventral wall is of only a single layer; in

the mid-zone it is composed of cubical and flat pavement cells, which laterally
become gradually higher while at the same time their borders become indistinct.
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Corresponding to the transversely elliptical cross section of the vestibule, the

ventral side of the larva in the posterior portion is slightly flattened. Just over

the vestibule the cell layer is especially thin, and in the median line there are no

mesenchyme cells beneath the ectoderm. Thus the two borders of the ventral side

of the larvae stand out prominently on cross section, and one is easily tempted
to find in this evidence of the inception of the radial structure, though as a matter

of fact the future radii do not lie along these prominent borders, and originate

quite independently of them.

In the next stage the vestibule has moved entirely within the calyx section

of the larva and has extended itself out over the greater part of the posterior end.

The ventral (outer) wall has become markedly thinner and shows a frail pave-
ment epithelium. It is entirely distinct from the mesenchyme.

The hydroco?le ring has become noticeably wider, and an extensive, though
shallow, proliferation from the floor of the vestibule now entirely fills the central

space where earlier only a short peglike process was present.

Throughout the whole floor the nuclei lie in several superposed layers, but

only in a few places can cell borders be demonstrated, and these almost never

can be followed through its entire thickness.

In the succeeding stage the vestibule moves completely onto the posterior end

of the animal. It no longer extends over the hydroccele ring ventrally, while

dorsally it is already beginning to grow over the evaginations from the water

vessel the beginnings of the tentacles.

The central proliferation extending through the water vascular ring has

enlarged noticeably, while it has grown anteriorly to before the hydroccele, its

advance being parallel to the posterior withdrawal of the end of the vestibule.

As this proliferation has migrated anteriorly with the gut. and in the meantime
has completely broken through, it is clear that the esophagus, passing through
the floor of the vestibule and the hydrocoele ring, is ectodermal in origin, uniting
itself with the stomach by means of the peglike process of the latter.

In the fimnel-shaped esophagus, which is histologically very different from
the gut. cell borders can again be demonstrated through the entire thickness. In

spite of the apparent arrangement of the nuclei in several layers there can be shown
to be a single-layered epithelium of very high, slender prismatic cells the nuclei of

which lie near the middle, though in neighboring cells at different heights.

The tentacle evaginations from the hydrocoele are already visible in the cavity
of the vestibule.

The vestibule, having become more and more extensive, now includes the

entire posterior end of the calyx section. Its outer wall is cup shaped, the pos-
terior end (the base of the cup) rounded pentagonal, the anterior border (the

lip of the cup) where it goes over into the tentacle investment with at first very

strongly rounded angles and broader than the flattened posterior end.

The lining is composed of pavement epithelium and lies closely upon the ecto-

derm layer, from which it is separated by sparse mesenchyme tissue.

On the basal surface important alterations have taken place. The five evaei-

nations from the hydrocoele. at a time when they are scarcely perceptible within
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the cavity of the vestibule, each divide themselves into three parts. Thus are

formed 15 tentacles which grow rapidly to cylindrical processes and receive an

ectodermal investment from the base of the vestibule.

Simultaneously with the migration of the vestibule the hydroccele ring has

assumed a position almost exactly at right angles to the major axis. It has

become noticeably wider, but still remains narrower than the diameter of the

anterior (basal) vestibular border, so that the tentacles rise directly within the

latter.

The arrangement of the tentacles in five groups of three each corresponds to

the radial structure of the adult. The five central tentacles lie in radii I V and

farther outwardly than the others, since they occupy the rounded angles of the

pentagon. The groups of tentacles are separated in the interradial planes. As

yet the insertions of the tentacles are not quite in the same plane, so that in a

transverse section they are cut through at different heights.

The ectoderm of the tentacles is composed throughout of rather high cylin-

drical cells disposed in a single layer. On the inner side it is somewhat higher
than elsewhere, and here, since the nuclei lie at different heights in adjoining

cells, it often appears to be arranged in several layers.

On sections through the bases of the tentacle groups the ectoderm on the

inner side of the three tentacles appears fused together, that on the outer wall

being well defined.

In slightly older larvse the esophagus is composed of elongated, almost wand-

shaped cells, most of which have the nuclei in the middle.

In a somewhat more advanced stage the number of tentacles has risen to 25,

for two interradial tentacles have formed between each of the groups of three.

These are noticeably shorter than the others and are united at the base by a bridge-
like elevation of the vestibule wall. Though similarly arising from the hydro-

ccele, they are situated more toward the central axis of the animal than the other

tentacles, so that they stand on the periphery of a circle of smaller diameter.

Their structure is identical with that of the older tentacles.

Before the rupture of the vestibule the tentacles grow to a considerable length,
their ends bending inward under the roof of the vestibule toward the center. In

part the extension of the tentacles takes place at the expense of their diameter,
which becomes progressively less and less.

INTESTINAL CANAL.

Soon after fixation the gut appears much extended and balloon-like, a little

flattened toward the hydrocrele, and through the center of the latter connected
with the vestibule.

In the older free-swimming larvae individual entoderm cells can be seen to

detach themselves from approximately the center of the epithelial lining of the

flattened wall and to enter the lumen, though usually this process first takes place
in the fixed larva. Apparently none of these cells are given off from the dorsal
wall. In the nourishing juices in the cavity of the gut these cells multiply with
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extreme rapidity, becoming continually smaller. Only in the first stages can

indirect nuclear division be clearly recognized.

Sections through animals in which the gut is completely filled show that the

wall of the gut itself has no definite cell boundaries, and inwardly passes imper-

ceptibly into the yolklike interior mass. But along the walls of the gut the nuclei,

in the resting stage and mostly very poor in chromatin, are visible. These are very

clearly differentiated from the elements of the inner mass, which are exceptionally

small, strongly stained, and arise from the nuclei of the cells which have passed

into the gut lumen, by their relatively large size, the possession of a distinct outer

membrane, and the always rounded shape. Apparently in the breaking down of

the cells within the gut lumen the chromatin substance within the nuclei breaks

in pieces and becomes irregularly divided, giving rise to the strongly colored

specks abundant within the central mass. In addition to these specks, probably

nuclear fragments, there are others, larger, with strongly stained inclusions.

These may be looked upon as products of the plasma itself, though this is not

certain. Later these disappear also.

A completely broken-down yolklike mass is not always formed within the gut

lumen. In many cases, probably when relatively few entoderm cells have entered,

one sees mostly separated cell fragments with relatively little yolklike material.

But the ultimate fate of the cell mass, entire resorption through the wall of the

gut, is the same in all cases.

Though the entry of entoderm cells into the gut lumen probably is never

entirely stopped, in some cases it is very greatly reduced, and then from the single

layered epithelium of the gut there appear protoplasmic pseudopodia-like processes

extending inward on which isolated cells lie.

Later the cell borders again make their appearance and the gut wall appears

as an epithelium of cylindrical cells of which the nuclei lie near the outer ends.

It can now be seen that a part of the elements of the inner mass has been

taken up by the walls of the gut, while more is about to follow. The distinctness

of the elements filling the lumen from those composing the gut epithelium can be

determined with greater clearness. The former advance to the outer cell ends of

the latter and become gradually absorbed so that finally only chromatin bodies are

to be seen, which likewise finally disappear. The nuclei of the gut epithelium are

easily differentiated from the elements within the gut lumen since they exhibit all

the characteristics of resting nuclei.

Immediately after the attachment the entire gut appears extended and balloon-

like, but very soon the ventral side becomes concave in such a way that the chief

mass of the gut lies on the originally left side near radii I and II, while a smaller

part, appearing as a hornlike process of the other, occupies the right side, its blind

end being ventrally on the right between radii IV and V.

The union with the vestibule takes place through the esophagus on the left

side ventrally between radii I and V.

The difference between these two portions of the gut becomes more and more

pronounced. The one lying to the left and dorsally again assumes a more or less
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spherical form and becomes the stomach, while the other, resting on this with a

broad base, becomes a horizontal tube tapering to its blind end and forming the

blind gut. This latter quickly elongates, growing from right to left on the ventral

side, until at about the one hundredth hour it has reached approximately the

radius V. It runs in the now horizontal mesentery between the originally left

(oral) and right (aboral) ccelome in such a way that it only borders the oral coelome

with its posterior edge, while it protrudes into the aboral so that in section it

appears laterally and anteriorly surrounded by it.

For a long time the gut, clear to the blind end, is filled with the mass of disin-

tegrated cells.

CCELOMB AND ITS DBRIVATIVES (AXIAL AND CHAMBERED ORGANS).

The alterations which take place in the two co3lomic pockets focus in changes
in position which are determined by the progress in the formation of the vestibule

and the intrusion of the closed vestibule into the hinder end of the larva.

The turning about of the mesentery separating the two sections of the ccelome

takes place according to the same plan as that of the floor of the vestibule, so

that it passes over from the vertical to the horizontal plane and comes to lie at

right angles to the major axis.

A longitudinal section through a 28-hour larva, just attached, shows the

coalomic sack only slightly altered. The mesentery has the shape of a horseshoe

and lies with both its side pieces, which are not quite the same, extending anteriorly

and somewhat ventrally, almost parallel with the floor of the vestibule.

A cross section of a larva in which the vestibule is entirely closed cut on the

plane passing through the anterior end of the hydroccele shows similar relation-

ships; but the right ccelome has become more noticeably extended and on the

right side entirely covers the anterior tip of the left outwardly and reaches as

far as the vestibule. It also broadens out ventrally, inserting itself between the

gut and the tip of the left coelome, which advances toward the median line to

intrude itself between the hydroccele and gut.

On the other hand, the right side piece of the left coelome extends itself on

the ventral side considerably farther toward the median line than does the left,

through which the circumstance, especially emphasized later, is already indicated

that the opening of the horseshoe does not lie in the median plane of radius V,
but is displaced toward the left.

As the mesentery gradually acquires a horizontal position the last-mentioned

processes take on a greater and greater significance. Sections cut parallel to the

major axis illustrate this.

A section lying near the median plane shows the left coelome cut through

dorsally and posteriorly between the gut and hydroccele, which have now become

considerably separated. In this space the left ccelome has extended itself as far

inward as the union between the gut and the floor of the vestibule.

The sections to the right and left of this show that the left ccelome lies

entirely between the gut and hydroccele. The horseshoe-shaped form in cross
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section has become narrowly elongate with indentations in which the horizontal

part of the parietal canal, the stone canal, and the esophagus lie.

Later the horizontal position is entirely attained, and the left ccelome, which

by the older authors is now known as the oral coelome, surrounds the esophagus,
the broad ring being interrupted only on the ventral side. It is now no longer
an entirely distinct cavity, for it has become united with the right coelomic sack.

During all these changes the wall remains of one layer of cells, but owing
to its great extension this cell layer has become a fine pavement epithelium, which,

however, can always be clearly differentiated from the mesenchyme.
On the sides forming the ventral (vertical) mesentery, where the circumeso-

phageal ring is interrupted, the cells are, especially in younger stages, somewhat

higher and richer in plasma, and here an epithelium of cylindrical cells may
be found.

The changes in the right ccelomic sack are much more complicated.
This has extended itself ventrally, and anterior to the middle beyond the

tip of the left coelome it has pressed forward on the right side almost as far as

the median plane, from which on the left side it is separated only by a branch of

the parietal canal.

The foremost end of the sack from which the chambered organ arises shows

in section a peculiar horseshoelike figure arising from a deep fold proceeding
inward from the ventral side between radii IV and V which is directed dorsally
and a little toward the left. This place represents that on which, in the free-

swimming larva, there have already appeared two diverticula from the right

ccelome, of which the median partition walls remain united to form a vertical

mesentery ; only in the torsion of the internal organs it has become a little ad-

vanced ventrally.
In this vertical septum the cells on the left side are considerably thicker

than on other places, where they form a fine pavement epithelium. There is no
trace of a fusion of the cells with those of the mesenchyme.

The chambered organ is essentially as previously described; between the

evaginations 1 and 5 lies the deep furrow corresponding to the anterior end of
the vertical mesentery. As before, the most anterior ends are drawn out cordlike

through the circular openings in the columnals as far as the terminal stem plate.
In these cords cell borders are no longer recognizable; the nuclei, which stain

fairly well, are elongated longitudinally.
As the wall of the vestibule, the hydrocrele and the left ccelome become more

and more horizontal, the parietal canal on the ventral side becomes shoved more
and more posteriorly, so that it no longer lies on the ventral side of the gut,
but of the esophagus.

Correlatively the right coelome extends outward over the ventral side of the

gut, pushing anteriorly as well as posteriorly, and the vertical mesentery becomes
more and more elongated posteriorly.

The two blind ends have grown out from right and left to the median
plane, without as yet having united. The right tip lies over the left, the latter

remaining closely appressed to the gut.

] 42140 21 Bull. 82 32
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In this way the vertical mesentery has been formed in the compass of the

right ccelome, and the ventral mesentery lies a little to the right of the median

plane, between radii IV and V. Toward the foremost end it approaches the

median plane more closely and passes over directly into the wall of the furrow

described above.

The vertical mesentery posteriorly does not run dorso-ventrally, but obliquely,

more or less parallel to a line joining the outer ends of radii IV and V. There

is, however, much individual variation regarding its direction as well as its length.

Anteriorly it becomes longer and more nearly parallel to the median plane, since

here the right extremity of the left no longer covers it.

During these changes the place of origin of the chambered organ remains

at the anterior end, moving only slightly anteriorly. The individual chambers

are usually very easy to recognize; through the thinning of their walls their

lumina have become more extensive.

At this stage the so-called axial organ first makes its appearance. At about

the twenty-eighth hour there is to be seen a simple thickening of the left wall

of the vertical mesentery directly behind the place on which the chambered organ

appears. This thickening consists in an increase in height of the epithelial cells.

Nuclear divisions parallel to the surface of the epithelium can be observed which

later bring about the several-layered condition of this region. A small cell group

pushes itself out and advances between the bases of the two ventral tubes of the

chambered organ. This is the most anterior end of the axial organ.

In somewhat later stages the axial organ without exception lies near the

vertical mesentery in the left extremity of the right ccelome. It shows itself

first as a thickening of the wall of the mesentery jutting out into the ccelome.

The nuclei of its cells resemble those in the cells of the remaining portions of the

ccelome wall.

Somewhat later it has doubled in length, and has come to lie entirely on the

mesentery. Anteriorly, toward the column, it has only united with the left wall

of the mesentery for a short distance, but posteriorly the union is more extensive.

The. nuclei of the constituent cells are now not all alike, for some have become

larger and vesicular, and are surrounded by a thicker plasma zone.

Posteriorly the thickening in the left wall of the mesentery gradually flattens

itself out before it reaches the hinder border of the ccelome wall.

Anteriorly where the axial organ lies entirely separate between the two walls

of the vertical mesentery it can be followed as far as the calyx border. Since here

it appears in section in the form of a dorsally directed fold, it is evident that it

goes still further anteriorly and enters the column between the ventral processes

of the chambered organ.
After the vestibule has completed its migration to the posterior end of the

animal and the oral ccelome has become horizontal the changes in the right or

aboral ccelome cease for a time.

On the ventral side it has extended outward over the stomach and the

posterior gut section, and also incloses the greater part of the esophagus. Between
radius 4 and radius 5 it has grown far posteriorly, and there on some places covers
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the left ccelome exteriorly, although this also in the same region extends further

posteriorly than elsewhere.

In the individual the form of the body cavity is determined through the

progressive development of the intestinal canal
;
with the exception of the posterior

side on which lies the oral ccelome this remains entirely inclosed in the epithelium
of the right coelome.

When the stomach and gut are excessively extended by an anusually large
inner mass, the outer and inner coelomic layers are closely pressed against each

other, and there is no body cavity to be seen. On the dorsal side this is frequently
observed

; but ventrally there always persists a more or less extensive space between

the stomach and lateral extension of the gut where the originally left tip lies.

This part of the right ccelorne grows posteriorly independently so that it appears
on cross sections as a blind sack closed on all sides.

The hinder section of the gut lies on the border of the oral ccelome in the

vertical mesentery, and so as a result of its enlargement the two layers of the

latter become spread apart, retaining their former close association only anteriorly.

It further comes about that the place of union between the gut and stomach

gradually narrows dorso-ventrally, and thus the blind end of the aboral coelome

lying in this corner shoves itself further dorsally. So the gut remains in spite

of its increased length covered on all sides by coelomic epithelium.
The region between esophagus, stomach, and middle gut is where the horizontal

mesentery vanishes, and both parts of the ccclome unite.

It is the right ventral tip of the oral ccelome which breaks through into the

left portion of the aboral. The opening appears first at the ventral end near

the median plane and extends thence dorsalward toward the right.

First the two layers of epithelium grow together; later in the center of this

region an extraordinarily fine slitlike cavity is formed, which widens rapidly,

while along its borders the two layers become completely fused, passing uninter-

ruptedly over into each other. Since before the union the walls of the two cavities

were histologically similar, it is now impossible to discover at what point the

union took place except on a circumscribed region on the inner side where, at

least at first, the extension of the axial organ characterizes the right ccelome.

At this stage the axial organ occupies the entire extent of the ventral side

of the inner wall of the aboral coelome. In the most anterior part, near the cham-

bered organ, it lies as a solid cord of cells on the vertical mesentery. Further

posteriorly it becomes more prominent, standing out as a pleatlike thickening lying
on the gut. At the posterior end is the youngest developmental stage. There is no

evidence that mesenchyme cells take part in its formation.

Under high magnification it can be easily seen how the flat coelomic epithelium

juts out into the body cavity and the cells involved become richer in plasma and

divide, so that a several layered swelling results among the cells of which there

very soon appears a differentiation of the nuclei, some rapidly increasing in size

and becoming vesicular.
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In individual larvae soon after the first formation of the axial organ strikingly

large vesicular nuclei appear which have quite the aspect of germ vesicles. They
surround themselves with an especially thick plasma zone, and their bulk appears
so considerable in contrast to that of neighboring cells that they give the impression
of young egg cells.

Seeliger believes it is possible that this condition may indicate the animals

later to become females.

The axial organ does not run in an absolutely straight line; clinging to the

curve of the stomach and esophagus, it is more or less sausage-shaped. The

posterior end lies on the border of the oral and aboral ccelome, while the anterior

proceeds into the column where it becomes extremely difficult to follow.

At the end of the gut the axial organ bends toward the major axis and enters

the stem at the place on which in younger stages the ventral furrow in the foremost

end of the coelome was present, between the first and fifth tubes of the chambered

organ.
In the description of the origin of the chambered organ it has been mentioned

that mesenchyme cells accumulate on the evaginations of the coelome in order to

take part in the formation of the cords running through the column, and the same

possibility is present here.

On the other hand, it is conceivable that the walls of the chambered organ
on the sides toward the axis might through proliferation form a central string

which subsequently united itself with the axial organ of the calyx.

Finally the axial organ of the calyx, which already in the early stages enters

the chambered organ as an isolated cord, may quite independently enlarge and

elongate posteriorly throughout the entire column.

In the oldest larvee of this stage the formation of trabeculse begins in the

aboral crelome. In isolated instances single cells raise themselves up at right

angles to the plane of the epithelial wall, their broad bases dovetailed in among
the other cells, their outer ends projecting far into the body cavity. In these cells

the nucleus is usually displaced toward the middle. This process has taken place

much more extensively in the hydrocoele.

HYDROCCELE.

Like the vestibule, the hydrocoele ring, at first placed parallel to the major
axis of the body, gradually turns through an angle of 90 until it comes to rest

practically at right angles to this axis under the now transverse floor of the

vestibule. In this migration it maintains throughout the same relations with

the latter.

The break in the continuity of the ring lies between radii I and V; that is

to say, in the same interradius as the pore.

The hydroccele is embedded in the thick basal wall of the vestibule. As it

passes from a longitudinal to a transverse position the more extensive becomes

the proliferation of cells from the vestibule floor, which will eventually form
the esophagus.
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A lumen is always demonstrable in the hydrocoele, though it is frequently

much narrowed dorso-ventrally.

During the turning the five broad evaginations of the hydrocoele ring alter

their form, becoming narrower radialty, and appearing as elongate lappetlike

structures. At the same time their distal ends, embedded in the floor of the

vestibule, begin to divide into three points, so that now 15 processes are present.

These are the beginnings of the 15 hydroccele tentacles, but at first they are only

of inconsiderable length, and are entirely concealed in the vestibular wall.

The way in which the left ccelome inserts itself between the gut and hydro-
ccele ring, bordering the anterior wall of the latter, which earlier was directed

dorsally, has already been noticed.

Histologically the wall of the hydroccele is a single-layered cylindrical or

cubical epithelium of considerable thickness. Except in the ring, where the

lumen is most extensive, the walls are usually thicker than the diameter of the

central canal.

As a result of the strong curvature of the walls the latter appear very

commonly in sections to be made up of several layers, chiefly for the reason that

the nuclei are not everywhere at the same height.

After the hydrocoele ring has attained a horizontal position it remains open
for a long time between radii I and V, the interradius in which the horseshoe-

shaped oral ccelome is also open.
Between the five primary evaginations the ring is almost circular in section,

but near the latter it passes to an oval form, elongated parallel to the major axis.

The originally high cylindrical cells of the wall become lower and lower,
and shortly before the rupture of the vestibule they have transformed into low,
in part pavement, cells which are somewhat swollen in the middle, where they

carry the nuclei. This process continuing, a fine pavement epithelium is formed,
which becomes somewhat thicker on the inner side of the ring. Very noticeable

are elongated, often thread-shaped cells, which are always to be found in larvae

of this age traversing the lumen of the canal and running radially between the

outer and inner walls, to which they stand usually, though not always, at right

angles.

Rather early, usually on the third day, individual cells in the hydroccele canal

and its processes raise themselves up and project freely into the lumen, in the

same way as similar cells in the coelome. Usually these appear on the thicker

inner wall, but occasionally on the outer.

At first the cell rests entirely in the epithelium of the wall and is only dis-

tinguishable from the neighboring cells through its spherical or pear-shaped
form

;
but very quickly the free end elongates and passes entirely across the lumen

to the opposite wall.

The nuclei of these cells often remain at the base at the same height as the

nuclei of the neighboring cells, although the cell itself has passed entirely across the

lumen. But very commonly the original nuclei at the base divide and the daughter
nuclei assume a position more or less near the middle of the lumen. Sometimes



476 BULLETIN 82, UNITED STATES NATIONAL MUSEUM.

also there is no nuclear division, but the original nucleus moves outward from the

base into the middle of the filament.

Before the formation of these trabeculae begins the rudiments of the first

15 hydrocoele tentacles increase considerably in size and appear within the vesti-

bule as small elevations. Scarcely have they reached an appreciable height when
the 10 interradial tentacles appear at the base of each of the five original evagi-
nations. There thus arise from each primary evagination five tentacles, three

central, larger and older, and two lateral, one on either side, as yet rudimentary.
The central tentacle in each group lies in the midradial plane. While the exten-

sions of the hydrocoele forming the 15 older tentacles are parallel to the major
axis of the body, those giving rise to the 10 interradial tentacles lean inward

toward that axis.

All the tentacles are tubes composed of a single layer of epithelium ensheathed

in the ectoderm of the vestibule. The lumen is very narrow, narrower than the

diameter of the walls, and in the outer ends usually is not demonstrable on account

of the two walls being pressed together.

The borders of the cells in the tentacle walls are not always visible. When

they can be seen the cells in a cross section of the tentacle appear as a truncated

pyramid with the base outward, in a longitudinal section as a prism or cube.

In the older free-swimming larvse the commencement of the stone canal can

be recognized as a pointed process on the right (originally left) end of the hydro-
coele ring. After the assumption by the latter of a position at right angles to

the major axis it still occupies the same place, between radii I and V, arising

from the wall of the ring toward the oral coelome. It has become a short S-shaped
canal showing little individual variation, which lies entirely in the compass of the

oral coelome, between its two side branches. From its point of origin on the

hydroccole ring it turns toward the left and anteriorly, then ventrally and toward

the right. For a long time its end remains closed, though thrust against the left

inner wall of the parietal canal. The opening of the blind end into the parietal

canal usually takes place on the fourth day.

The walls of the stone canal are composed throughout of relatively high cells

with centrally situated nuclei, exhibiting the histological features which in pre-

vious stages had characterized the walls of the hydrocoele ring itself, and which

recur in the budding tentacles. As in these, the lumen is in most cases of con-

siderably less diameter than the walls.

In the part lying near the hydrocoele ring a broadening of the lumen anteriorly
and toward the left usually occurs, which directly before the entrance into the

parietal canal may expand into an ampullalike swelling. Here Seeliger found

in some cases that the border of the lumen was cross striped, though he was unable

to determine the presence of cilia.

PARIETAL CANAL.

The changes in the parietal canal during the early part of the attached exist-

ence are closely connected with those in the vestibule and hydrocoele.
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On its first appearance in the embryo it is dorsal in relation to the hydroccele ;

in the free-swimming larva it has become displaced in such a way that its chief

piece lies on the ventral side anterior to the hydroccele; in the stalked larva it

moves posteriorly in the same degree as the vestibule and hydrocoele and comes

to lie horizontally always, however, maintaining its primitive relations with the

adjacent organs.
The long anterior vertically running branch is very early withdrawn; it

becomes shorter and shorter, loses its tubular shape, and appears as a pointed

appendage of the transverse chief piece. This latter proceeds outwardly against
the originally ventral side after the vestibule end has been entirely withdrawn.

While in the beginning its anterior end stretched to the end of the gut, and
in the free-swimming larva lay before it, nothing further is to be seen of it in

this region.

Posteriorly as well as anteriorly it is considerably compressed dorsoventrally
and appears no longer as a transverse tube but as a sacklike structure which is

somewhat longer in the major axis than in the transverse axis.

It appears to have increased in extent relatively much less than the other

organs.
Since the chief part of the parietal canal has moved further posteriorly it

has approached the plane of the pore, although always somewhat anterior to it.

The ascending branch becomes more and more, though never quite, horizontal.

The end piece runs approximately crosswise. While the outer end bends abruptly
and opens outwardly through the pore, the inner end passes insensibly into the

parietal cavity. The pore lies near a sacculus, a little ventral to radius I.

Histologically only the portion of the end piece adjoining the pore differs

from the conditions found in the parietal cavity, which is lined throughout with
a pavement epithelium at this stage everywhere demonstrable and nowhere show-

ing a fusion with the mesenchyme cells. Further toward the oral side, about the

stone canal, the cells are mostly a little thicker and the epithelial character of

the wall is more easily apparent. The extreme end, which makes an obtuse angle
with the remaining portion and breaks through the ectoderm layer of the body
wall, consists of rather higher cells. Although the lumen is more extensive than
in the adjoining transverse canal, its diameter as a rule is less than that of the

wall. In cross sections the end piece and its lumen are circular. On the inner

side the cells bear a cuticlelike lining finely striped transversely and bearing cilia.

MKSENCHY.ME.

Calcareous skeleton. As long as the vestibular invagination remains on
the ventral side in the embryo, and in the free-swimming larva, the five basals

and five orals lie in two horseshoes, of which the two arms are rather widely
separated ventrally. When the vestibule has finally assumed its appointed place
on the posterior end of the body the two series have rearranged themselves in two

pentagonal systems at right angles to the major axis, directly superposed.
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The individual plates are not quite parallel to the major axis, for the oral

ends of the orals and the aboral ends of the basals mark the sides of smaller

pentagons than those outlined by the approximated edges of the same plates.

These plates therefore appear arranged in a five-sided double pyramid truncated

at both apices.

The relation of the calcareous pieces to the internal organs has also undergone
a change.

While the basals entirely surround the aboral ccelome the orals have migrated
out of the compass of the oral ccelome, so that this now lies between the two

systems.
The pore lies between the aboral ends (bases) of the first and second orals,

later becoming surrounded by the outermost processes of the first oral plates.

The five orals stretch over the open vestibule anteriorly and are movable; the

five lappets in which they lie can be turned outward or inward, in the latter case

closing the vestibular entrance.

The basals and orals are now so placed that the first basal and first oral,

directly superposed, lie in the interradius bounded by radii I and V, and the

fifth in the interradius bounded by radii V and IV.

The basals lie beneath the ectodermal layer, and almost on the parietal layer

of the aboral ccelome.

A weak layer of ectoderm, composed of mostly spindle-shaped cells standing
at right angles to the surface, also covers the orals. Apparently with the increas-

ing thickness of the orals all the mesenchyme cells of this region are drawn into

their compass to contribute to the calcareous secretion, or possibly to form loose

connective tissue filling the spaces in the calcareous meshwork.

The individual plates increase in area through the formation of rods along
their borders which fork and join with the neighboring rods; and also the whole

meshwork thickens so that the spaces, at first broad, become narrower, and their

polygonal form rounds itself off more and more until the plates finally acquire a

sievelike appearance.
The orals and basals do not always grow at the same rate; sometimes one

series, sometimes the other, is more extensively developed ;
but very often also the

difference is negligible.

The infrabasals, five or four, very rarely three, in number, are disposed, not

quite regularly spaced, in a circle of relatively small diameter about, or just

beyond, the oral (posterior) end of the proximal columnal. They are obliquely

placed in such a way that their aboral ends lie nearer the major axis than the oral.

But the grade of the obliquity varies in different individuals, as well as in the

different plates in the same series. They always, however, lie more horizontally
than the basals.

In the younger stages the individual plates in this series are usually of very
different sizes. In the rare cases where there are three only the central one is very
small and the two lateral very large, suggesting the possibility that the latter have
each arisen through the fusion of two originally separate beginnings.
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The infrabasals eventually become fused to the proximal (most posterior)

columnal, which is cup shaped, with a considerable central cavity for the reception

of the chambered organ. Their anterior borders now reach to the aboral ends of

the basals, which they begin to overlap.

In a 110-hour larva the centrodorsal was similarly formed, but somewhat

more extensive
;

it measured from 160 [A to 180 1.
in diameter, and was composed of

a somewhat finer meshwork than the basals. The suture between the infrabasals

could no longer be recognized, but as the outermost border showed four low and

broad projections it is probable that there originally had been four.

The number of the skeletal elements in the column may be as high as 17 or 18,

including the centrodorsal and the terminal stem plate, though in many cases it is

three or four under this number. The distance between them gradually decreases

toward the calyx. In the vicinity of the infrabasals they lie quite closely

together, and in younger larvae the proximal end of the series is in part overlapped

by the aboral ends of the latter.

As from the first the terminal stem plate considerably exceeds all the other

columnals in size, and now lies entirely in the disklike broadening of the attached

end of the body.
The progressive decrease in the size of the following pieces becomes gradually

less and less marked, but for a long time very small plates, apparently newly

formed, lie just beneath the calyx, the last of these eventually fusing with the

infrabasals to form the centrodorsal. When this occurs the number of columnals

has risen to at the most 19.

Meanwhile the columnals have become greatly altered. Those lying at the

aboral end outstrip the others in their development, though the latter gradually

overtake them so that finally all are essentially similar. But the thickness of the

individual columnals decreases toward the calyx up to the last stage studied by

Seeliger.

In the younger fixed stage the crescentic form of the plates occurs only at the

oral end. The crescents are open ventrally, and the regularly curved inner borders

are smooth. From the outer borders single and dichotomously branched processes

arise, of which those in the dorsal median line are the most developed, the others

gradually decreasing in size toward the horns of the crescents. These last

gradually grow together until they meet and a plate is formed which shows a large

circular opening displaced excentrically toward the ventral side. Meanwhile

an active growth of the calcareous processes takes place all about the periphery,

which is still a considerable distance from the ectoderm of the stem, while peglike

processes arise abundantly on the meshwork parallel to the longitudinal axis of the

stem and at right angles to the plane of the columnals. These peglike processes,

which occur very numerously even on the borders of the plates, grow very rapidly.

They are mostly somewhat longer and thicker centrally than peripherally, though
toward the center of the plate small ones may be found. In cross section they

appear as glistening circular or oval structures forming an irregular broad band

of dots.
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A more developed columnal shows a sieve-formed plate with a circular central

opening, through which pass the extensions of the axial organ and of the cham-

bered organ, which in several places reach the outermost wall of the stem, where

they are covered only by a membrane instead of being overlaid with cells. The

longitudinal processes have become considerably longer and stronger, and at

different heights cross branches bind them together. With the growth of these

processes the plates become separated, and elongation of the column results.

Although these longitudinal processes often overlap those of the neighboring

columnals, fusion never occurs between them.

Sacculi. From 24 to 48 hours before the opening of the calyx the sacculi first

make their appearance, one in each of the five angles of the calyx.

Each sacculus originates from a small cluster of mesenchyme cells, which

forms on the outer side of the ring canal at the base of the middle tentacle of

each group. In cross sections through the larva they appear elongate, with the

inner side lying closely upon a longer or shorter extent of the hydroccele wall.

These clusters number from 8 to 12 cells, and they can be differentiated from the

neighboring mesenchyme tissue of the body wall only through the closer approxi-

mation of the cells. From the hydrocoele, vestibule, and oral ccelome they are

sharply and clearly differentiated.

When the required number of cells have assembled no further additions are

received from the mesenchyme, and the organ develops entirely from the circum-

scribed cell cluster.

At this stage the rounded form of the constituent cells results in the presence

of a small gap between them, but there is no true lumen.

Later the sacculus becomes somewhat enlarged, showing a definite Avail

composed of a single layer of cells which are somewhat larger on the side toward

the hydroccele than outwardly, a definite lumen, and a few cells lying within the

lumen and resting on the cells of the outer wall, some of which doubtless arose

through the intrusion of the cells of the outer wall into the lumen. But whether

some of these inner cells are derived from such of the cells in the original cluster

as from the first have occupied a more central position, or whether at one stage

all of the cells formed a continuous and even one-layered wall from which they
have passed inward, has not been definitely determined.

At this stage all the cells are rich in plasma and show prominent nuclei, which

are somewhat larger than those in the mesenchyme cells. They stain more

strongly than the neighboring cells of the body wall.

Before the rupture of the vestibule the inner cells have become considerably
more numerous. Nuclear division commonly occurs in the cells of the outer wall

in which the spindles are mostly approximately at right angles to the surface of

the sacculus, which appears to indicate that cell division will take place parallel
to this surface.

In cross section the sacculus now appears as a strongly colored, well-circum-

scribed cell cluster, the elements of which, mostly rounded, are of different sizes
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and show between them remnants of the earlier lumen. Already some of the inner

cells appear about to disintegrate.

Seeliger found that the sacculi on the pinnules in course of formation on a

regenerating arm tip develop exactly as the first sacculi of the larvae.

Connective tissue. The remaining mesenchyme cells of the larva, which take

part neither in the construction of the calcareous plates nor in the formation of

the sacculi, are collectively considered as composing the connective tissue.

No sharp line can be drawn between these cells and those which lay down
the calcareous framework, as it is impossible to determine which of the cells

and cell groups within the interstices of the plates serve exclusively as connective

tissue for the occupation of the spaces, and which serve only in secreting lime.

It is possible that, in general, the more rounded mesenchyme cells may possess

the latter function; but, on the other hand, it is also possible that the branched

or spindle-shaped cells between the calcareous trelliswork in the column may
exercise both functions.

As already explained, the mesenchyme cells lying under the ectodermal epi-

thelium merge with it and form a more or less uniform tissue in which the two

original layers are no longer to be distinguished. Only from their position can

it be inferred that the cells situated more deeply originate from the mesenchyme,
and that the outer, which are often spindle shaped and placed at right angles to

the surface, belong to the ectoderm.

As the plates become more and more extensive the deeper layers of mesen-

chyme cells gradually disappear to sink into the interstices of the calcareous

skeleton and apparently also to take part in the enlargement of its various

elements.

Thus in the calyx of the older larvae the much-thickened calcareous plates

are in general covered only by a layer of ectoderm cells, mostly placed at right

angles to the surface, all of the subepithelial cells being inclosed within the cal-

careous framework. Only in the radial planes between the plates does the body
wall preserve its original appearance. In the stem only over the tapered ends

of the masses of longitudinal bars arising in each direction from the primitive

rings and between the individual columnals is the original character of the body
wall retained.

In the mesenchyme of the column connective tissue fibers are also found,
which in part may be traced back to the structures already noticed in the free-

swimming larvae, and in part are of later origin.

The fate of the fibers is the free-swimming larvae interpreted as muscular

has not been determined; it is possible that they have broken down. No muscle

fibers have ever been demonstrated in the young attached larva, though possibly

they exist but have not been differentiated from other connective tissue elements.

If any occur they could only be individual fibers, for the later musculature arises

quite independently.



482 BULLETIN 82, UNITED STATES NATIONAL MUSEUM.

STALKED LARVA AFTER RUPTURE OF VESTIBULE, UP TO APPEARANCE OF
RUDIMENTS OF ARMS.

DESCRIPTION OF LARVA FROM FIFTH DAY TO SIXTH WEEK Al'TEU BUI'TURE OF EGO MEMBRANE.

In its general form the larva is now characterized by the sharper differen-

tiation of the five-rayed calyx and the considerably elongated stem. In the calyx

the vestibule has broken through, showing the 25 tentacles in five groups of 5

each surrounding the mouth.

At the time of the rupture of the vestibule (the fifth clay) the larvaB have

reached a length of about 1.25 mm. Five weeks after the liberation of the

embryo the larvae measure from the terminal stem plate to the outermost tips

of the tentacles 3.25 mm.
;
about 2.50 mm. of this is included in the column. Aver-

age measurements are difficult to give, as the calyx can change its form to the

most extraordinary degree.
ECTODERM.

Ectoderm of body wall. While up to this time the pore formed the only con-

nection between the interior of the larva and the surrounding fluid, two new ones

now appear, through the rupture of the wall of the vestibule, and later through
the formation of the anus.

In the stage last described the portion of the wall of the body covering the

vestibule had become considerably thinner. It becomes more and more flattened

and then sunken and funnel-like in the center, where the outer cuticular layer

on a very limited region merges with the pavement epithelium of the vestibular

roof, and a perforation appears. This rapidly enlarges to an elongate rounded

opening, which is large enough to permit the passage of the longest tentacle.

Occasionally in conjunction with these processes a partial dissolution of mesen-

chyme cells can be noted, the resultant fluid being absorbed by the neighboring
tissues.

In older larvae, of from 8 to 10 days, the opening into the vestibule has become

considerably altered. From the original central aperture five radial excisions run

outward between the five oral plates, so that the vestibular roof is divided into

five lappets. These excisions gradually extend to the neighborhood of the hydro-
coele ring, and the five lappets thus become the five triangular flaps containing the

five triangular oral plates so well known in the "
prebrachial

"
or "

cystid
"

stage.

These five flaps are highly mobile; they may be turned inward, covering the

vestibule and the tentacles, or opened widely outward so that the whole calyx

appears disklike. This movement is rendered possible by a special musculature

in the hydroccele wall, in the ring canal as well as in the tentacles.

Histologically the ectoderm has undergone only inconsiderable changes. The

protoplasmic cell bodies are somewhat more reduced than previously, the inter-

mediate substance, on the other hand, being somewhat more extensive. About

many nuclei the plasma is restricted to an extraordinarily thin layer, which is

either stretched out threadlike or spindlelike at right angles to the surface, or
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radiates out in several very fine pseudopodialike processes. In other cases the

plasma has become more extensive, though similar in form. The branched

processes of different cells may unite with each other and thus form a plasmatic

net traversing the sievelike calyx plates.

Apparently not all the nuclei of the ectoderm cells remain in the living state.

In addition to such as show the typical form of the resting stage there are found

others which clearly are beginning to dissolve. In the deeper layers it can not be

determined with certainty whether these originally belonged to the outer layer or

to the mesenchyme.
The degenerative changes are exhibited in different ways. Sometimes there

is a shriveling of the nucleus and a decrease in the amount of chromatin; the

nuclei appear small and pale with an indefinite contour, the chromatin granules

being either absent entirely or appearing as irregular isolated peripheral specks.

On the other hand, here and there strikingly large nuclei are to be seen, likewise

feebly stained and without chromatin granules or chromosomes, but containing

vacuoles or accessory iwlusions and always surrounded with a very small amount

of plasma.
There is a possibility that these degenerative changes are not entirely normal,

since they occur only in individual instances and are not by any means general;

but at all events an increase in the number of nuclei through division at this stage

is most unusual.

As during this period the surface area of the body is considerably increased

it necessarily follows that the cells become more and more separated, and at the

same time nuclear division becomes less and less frequent.

In the living larvae individual cells of a yellow color stand out prominently

in the body wall and, less frequently, in the ectoderm of the tentacles. Except
for the color these resemble in every way the colorless cells, but on being treated

with reagents they seem to shrivel more readily, and they lose their spindlelike

shape more easily than the others.

It is possible, though not proved, that these are identical with the yellow

cells of the free-swimming larvse. They lack the protruding club-shaped processes

so characteristic of the others.

In the column also the histological relationships of the ectoderm are only

slightly different from those in the preceding stage. A cross section through the

portion of the stem adjacent to the calyx shows a number of spindle-shaped and

threadlike cells, lying more or less at right angles to the surface, with some star-

shaped cells distributed among them. There is no sharp demarcation between

ectoderm and mesenchyme. The whole external surface is covered with a trans-

parent glassy cuticle, which at the base may reach a considerable thickness.

Vestibular lining and nervous system. At the end of the developmental period

just described there could be differentiated on the ectodermal vestibular wall three

sections (1) a posterior and outer, showing a pavement epithelium; (2) the

anterior basal wall, which goes over into the esophagus: and (3) the outer covering

of the tentacles, which develops from the border zone of the basal region.
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At the time of the appearance of the five radial excisions soon after the rupture
of the vestibule the pavement epithelium of the inner side of the five flaps con-

taining the orals can always be demonstrated as such
;
but gradually it transforms

itself into a cuticlelike membrane without nuclei. Whether the nuclei become

simply absorbed, or whether they retreat to the deeper layers of the body wall,

has not been determined. The latter, however, is more probable, since before a

homogeneous cuticlelike membrane is formed there is on many places a complete
fusion of the ectodermal pavement epithelium with the mesenchyme, whereby the

nuclei of the ectoderm cells, with the extremely attenuated plasma surrounding

them, become united with a process from a mesenchyme cell. On the other hand,
the inner investment of the orals in the oldest larva? of this stage sometimes shows

a pavement epithelium passing over uninterruptedly into a membrane devoid of

nuclei, which must have arisen from the transformation of such an epithelium.
Whether in still older larvae the inner side of the orals is covered exclusively

by a membrane Seeliger could not determine from lack of proper material; but

it is not improbable that the transformation of the original pavement epithelium
is carried through to its logical conclusion.

Inwardly the pavement epithelium passes over into the outer wall of the

tentacles, and between these into the floor of the vestibule, where an entirely

different histological structure has now arisen. Outwardly, on the border of the

oral flaps, it goes over directly into the cuticle formed from the ectoderm of the

outer body wall.

The basal wall of the vestibule, which extends out between the tentacle bases

and leads into the esophagus, decreases considerably in thickness toward the

outer border of the calical cavity, at the same time here spreading itself over a

broader surface. On account of this the nuclei, previously lying in several layers,

become rearranged in such a way that they now lie approximately in a single

layer. This condition is most marked about the borders, so that the hydroccele

ring is now covered on its inner side with a very fine pavement epithelium, which,
at first running vertically, bends about the aboral border of the hydrocrele ring
into the horizontal oral disk, simultaneously gradually altering its histological

nature.

The component cells are outwardly cubical, becoming in the vicinity of the

mouth high prisms bearing on their outer ends cilia which appear embedded in

a clear cuticular border.

Immediately about the mouth the epithelium resembles that of the esophagus,
into which it passes over without a definite line of demarcation. According to

the state of contraction this transition zone is sometimes drawn into the funnel-

shaped invagination as an esophageal wall, and at other times spread out

horizontally as circumoral disk epithelium. Thus, in contrast to the aboral side

of the larva, the oral side preserves the epithelial character of the ectoderm.

It is the epithelium of this transition zone, designated by Barrois as the

intratentacular area, or secondary vestibule, which later spreads out over the

entire ventral side of the disk and also throughout the ambulacral region of the
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arms and pinnules, everywhere preserving in all essentials its original histological

characteristics.

In some of his oldest larvae Seeliger saw the cylindrical epithelium of the

disk extend unmodified to the water vascular ring without passing through a

broad intermediate zone, by which the gradual transformation to the pavement

epithelium is brought about, as is commonly the case. He assumes that this results

from the extension of the epithelium through an increase in the plasma content

of the cells, whereby they are changed from the strongly flattened to the prismatic

type resembling the form of the ancestor cells at the time the vestibule was still

closed.

There is no connection whatever between the nervous system of the free-

swimming larva and the nerve ring of the stalked larva which develops into the

ectodermal (ventral) nervous system of the adult. The latter first appears in

the fourth week, a long tune after the rupture of the vestibule, as a derivative from

the ectoderm of the original vestibular invagination on the region where the

epithelium of the disk passes over into that of the tentacles. In longitudinal

sections this region is very early noticeable on account of the relatively high

ectoderm cells which show closely crowded nuclei, contrasting strongly with the

pavement epithelum on either side.

The nerve ring lies close down on the hydroccele ring which, as will be

noticed subsequently, is remarkable for the extremely strong ring muscular

fibrillse. When these contract they press upon the nerve ring, and its borders

stand out less sharply. When the calyx is opened out the two structures are

separated by an intermediate space.

At the first appearance of the nervous system the ectoderm of the region

where it is found is composed of a single layer of cells which either have no definite

borders at all, or show them only in their outer ends. Inwardly, toward the ring

muscle of the hydroccele, the cell ends pass over into a substance which retains

the stain rather more tenaciously than the outer part and appears fibrillar, with

coarse ring fibrillse running parallel to the surface which appear in cross section

as coarse grains. The nuclei, rich in chromatin, are very prominent; they lie

in the outer ends of the cells, though not all at the same level. Here and there

one may be seen undergoing division. There is no doubt that the ring fibrillse,

which are nerve fibrillse, as well as the intermediate substance in which they are

embedded, have been formed from the basal part of the ectoderm cells. The

appearance of the nerve ring is not simultaneous throughout its entire extent;

it seems to form on several places simultaneously, gradually growing into a closed

ring. But there is a possibility that the apparently nerveless intermediate zone

may possess a very fine ring nerve not demonstrable on preserved material.

In larvae five weeks old the development of the nerve ring is somewhat

further advanced. Over the now larger nerve fibrillar layer the ectodermal

epithelium is now no longer one layered, for a number of cells have detached

themselves and assumed a subepithelial position, in part lying with their outer

ends between the bases of the epithelial cells, in part already entirely isolated from
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them. Like the fibrillse these cells, which eventually will become ganglion cells, do

not appear simultaneously throughout the whole extent of the ring.

At this stage cordlike processes from the nerve ring extend toward the bases

of the tentacles, where in the single-layered ectoderm a few fibrillre can be

detected in the inner ends of the cells. These can not, as a rule, be followed

farther into the tentacles, though preparations consisting of the whole animal

sometimes show a fibrous cord running closely beneath the ectoderm which is prob-

ably nervous.

In the free-swimming larva, besides the nerve layer beneath the apical pit,

there are two lateral nerve stems which run along either side of the vestibular

groove. It could very well be that, as a result of these changes in the vestibule,

these might come to occupy the same position as the later nerve ring. But appar-

ently no such transformation occurs, the nervous system of the free-swimming
larva disappearing in its entiety.

ECTODERM OF THE TENTACLES.

At the close of the developmental period last described there were 25 tentacles,

each covered with a similar ectodermal epithelium.
After the rupture of the vestibule the tentacles enlarge very rapidly and

become movable to the highest degree.

In the oldest larvae, up to the time of the appearance of the rudiments of

the arms, the first 15 tentacles are immediately distinguishable in size and struc-

ture from the 10 interradial. The former were called by Sir Wyville Thomson
the "

extensile tentacles," the central one being the "
azygous tentacle," and the

latter the " nonextensile tentacles."

The number of interradial tentacles does not remain limited to 10 but increases

through the appearance of new tentacles interradially between those already
formed indiscriminately in the several radii. Occasionally new tentacles appear
between the larger radial tentacles also. The highest number of tentacles observed

by Seeliger at this stage was 29, 4 accessory tentacles having arisen. As pre-

viously, the 15 older tentacles stand farther from the center of the animal than

the 10 smaller and the accessory.

While the 15 older tentacles are entirely independent of each other throughout
their entire length, being only in contact at the base, the two interradial tentacles

in each interradius are united across the interradial planes by an ectodermal fold,

whereby the independent mobility of each is inhibited.

These folds reach from the bases of the tentacles to somewhat beyond their

middle. On their distal border they appear considerably thickened, so that on

preparations made of the entire animal at first only this thickened edge is seen,

stretching rafter-like between the two tentacles. But on sections it is easy to see

that this is an ectodermal fold of which the inner wall passes over laterally into the

tentacles and basally into the periphery of the oral disk at the place beneath which
the nerve ring lies, while the outer, more strongly flattened, curls around into the

inner wall of the oral flaps and is laterally produced into the ectodermal epithelium
of the tentacles.
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Between the body wall and the two layers of the fold there is seen in cross

section a roughly quadrangular space, traversed only by a few plasmatic processes.

These folds persisted in the most developed larvte examined by Seeliger.

Younger larvae, at the end of the second week, give the explanation of the

origin of this union. In these it can be easily seen that the common origin of

each pair of interradial tentacles is enveloped at the base by a common ectodermal

sheath, from which the two points arise. The same condition is found at the

base of each group of radial tentacles, but here the common basal ectodermal

mantle is not enlarged, becoming instead eventually divided to the very roots

of the tentacles.

Simultaneously with the spreading out of the ectoderm of the 15 radial

tentacles over an enlarged surface, there takes place within it marked histological

changes during which the original uniformity of the cells disappeare.

A cross section through a radial tentacle of an 11-day larva shows the nuclei

gathering into groups, the groups being separated by small intermediate zones,

in which nuclei are sparsely distributed or are entirely absent.

In the regions where the nuclei are grouped, indicating the places of origin

of the papillae, the ectoderm is thickened and elevated, protruding in the form

of a peg, which appears hyaline and almost homogeneous and is composed of

the metamorphosed outer ends of the protoplasmic cell bodies. Cell borders can

not be determined either in the outer part or in the thickened basal section.

The nuclei are often seen in process of division. Sometimes a small nucleus

can be seen in the distal cuticular tip of the structure. Whether this is natural,

or artificialy induced, has not been determined, but at all events in the fully

formed papillae nuclei occur only in the basal part.

The papillae, as becomes increasingly more evident in later stages, are arranged

in four somewhat irregular longitudinal rows. Those situated basally are less

advanced in development than the distal.

In larvae four or five weeks old the papillae have reached the perfected form

and resemble in all essentials those of the ambulacral regions of the adult animals.

The tentacles themselves have become rather long, very active organs, which

taper slightly toward the distal end where they are more densely covered with

papillae than at the base, so much so, indeed, that the bases of these are every-

where in mutual contact, and the epithelium therefore appears uniformly beset

with nuclei, without intermediate zones. Here the papillae are especially well

developed, measuring at their bases more than one-third of the circumference of

the tentacles, which is here considerably reduced. Since their arrangement in

longitudinal rows, though more or less disturbed, persists to the tip, they have

become considerably displaced by crowding. Thus on a cross section relatively few

are cut across, but farther basalward, toward the middle of the tentacle and be-

vond, the arrangement of the papillae in four longitudinal lines is clearly marked,

even though the four in each circumtentacular ring do not always stand at pre-

cisely the same height, and at the same time they become more isolated, with

increasingly extensive areas of thin clear ectoderm without nuclei between them.

142140 21 Bull. 82 33
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Only exceptionally does a nucleus occur in the intermediate zone which has

not been drawn into the bases of the papillae; such a nucleus causes a slight swell-

ing in the thin intermediate layer.

According to the state of contraction the nucleated bases of the papillae some-

times project slightly into the underlying hydroccele wall, and sometimes form
an arch bowed outward from it.

The number of the nuclei assembled in the base of the papillae is not constant.

In the central portion of the older tentacles it varies between 20 and 30, the number
of the nuclei, as well as the area of the base of the papillae, having increased over

what it was in the younger stages. The nuclei are almost always arranged in a

circular or oval disk, and differ somewhat among themselves in size as well as

in chromatin content. Though most of them are in the resting stage, individual

nuclei can always be found in course of division.

From the base of the tentacle there rises a homogeneous glassy cylindrical
structure which in extreme cases measures 36 n- in length, though often it is

considerably shortened, and thicker. The tip is expanded, three or four cornered,
and from each of the corners there projects a fine hairlike process with sometimes
an additional one in the middle. The insertions of these hairs stain with especial

facility, and they appear to possess broadened ends sunken into the end of the

papilla. The axis is traversed by a fine glistening thread, the outer end of which

passes over into the deeply colored end of the median hair, the inner end broaden-

ing out, attaching itself to a nucleus of the papilla base, and merging with the

plasma of the cell body. In younger stages, when this axial fiber is first formed,
it appears to grow outward from the base to the tip.

In the basal section of the 15 tentacles the papillae gradually become smaller,
and finally disappear entirely, the aggregations of nuclei becoming less and less

clearly defined.

On the base of the tentacles in the immediate vicinity of the nerve ring the

ectoderm of the inner and lateral walls is always similar and more or less flat-

tened. On the contrary, the outer basal wall passes over gradually into the outer

body wall of the calyx, into the inner basal ectoderm of the five mouth flaps

containing the orals. The true ectodermal epithelium of the tentacles does not

extend so far basalward on the outer side as on the inner, for on the former the

hydroccele of the tentacle at the base is covered by the lateral portion of the

mouth flaps. Thus it comes about that whenever the tentacle bases are turned

inward the mouth flaps and the included oral plates necessarily close down.

Histologically the structure of the ectoderm of the interradial tentacles is

somewhat anomalous. The conditions are essentially those found in the large
tentacles when they were approximately of the same length. Papillae, smaller
than those of the larger tentacles and more or less conical in shape, cover the
surfaces toward the larger tentacles of the same parameres, elsewhere occurring
only above the fold uniting the two. In the distal portion these papillae are

longer than in the basal, where they finally become reduced to small swellings.

They are more crowded than on the large tentacles, and the intermediate zones
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between them are much less extensive. At their bases the nuclei lie at different

heights. In the more developed an axial fiber can always be clearly seen, though
the presence of bristles on their outer ends has not been determined. In the

proximal basal portion, in the region of the fold, a low epithelium passes over

by an abrupt curve, into that of the inner wall of the mouth flaps. The sides of

the two tentacles which face each other have the same structure as the connecting

fold.

INTESTINAL CANAL.

Although the intestinal canal is without a special muscular investment its

component parts are nevertheless able to alter their relationships with each other

somewhat, and the esophagus especially can change its form to a considerable

degree.
This is rendered possible through the musculature of the hydroccele, and is

thus connected with the contraction of the entire calyx and of the oral disk.

The mouth opening is usually oval, like the cross section of the esophagus,

and lies a little excentrically in the interradial area delimited by radii I and V,
rather closer to the former. Correlatively the esophagus occupies a position which,
in reference to the major axis of the bilateral larva, is toward the left. In the

vicinity of the mouth the esophagus is broader than elsewhere, and here its right

side extends for some distance over the median plane into the originally right

antimere.

The esophagus is more or less sacklike in form. Its longer axis is not quite

parallel to the transverse axis of the animal, but is approximately parallel with

a line joining the distal ends of radii I and III, or IV and V. It is compressed
in the direction of radius II.

Thus it comes about that the wall adjoining the stomach is somewhat concave

and the outer wall is convex, so that a cross section appears somewhat crescentic,

this being especially emphasized in the lumen. When contracted the lumen may
become narrowed to a slitlike canal, but on the other hand it sometimes appears of

considerable size.

Sometimes, as a result of changes in the calyx, the aboral end of the esophagus
becomes more or less closed off from the stomach, while, at other times they

appear broadly connected.

Histologically the wall of the esophagus resembles the epithelium of the oral

disk. In the older larvae the cells become relatively high, appearing almost wand-

shaped, and traverse the entire thickness of the wall. This one layered condition

often can be very clearly recognized in the outer part of the wall toward the

posterior portion of the gut when it is extended more than usual. Under these

conditions the nuclei are arranged in a single regular row, in all the cells being at

the same height. The inner wall toward the stomach is often strongly folded and

thickened, so that the nuclei come to lie in several layers. Under normal conditions

of contraction the nuclei are not always at the same height, but lie indifferently
in the middle or in the outer ends of the cells. On very thin sections or in teased
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preparations there is no difficulty in determining that the cells extend throughout
the entire thickness of the wall.

On the ends bordering the lumen the cells bear fine cilia the broadened ends

of which, embedded in the cell plasma, cause the cells to appear striped. The
ciliation is extremely delicate and easily destroyed. It has not been determined

whether each cell carries one or more than one cilium.

The union between the esophagus and the stomach sometimes appears suffi-

ciently broad to permit of demonstration on several sections, and again may be so

constricted that the two cavities appear entirely unconnected.

The stomach is in the form of an extensive and thick-walled sack, which

however, is not sharply differentiated from the hind gut. In the earlier stages
of this period its lumen is usually almost entirely empty, or is occupied only by
slight remnants of the disintegrated cell material which previously filled it.

As this disappears little by little the inner contour of the stomach wall again
becomes clearly defined. In the later stages the stomach is very often filled with

partially digested remains of food derived from foreign bodies.

When the stomach is filled by food masses the sharp inner contour of the

walls in connection with the process of digestion again disappears, and the inner

ends of the cells become very irregular as a result of the extrusion of pseudopodia-
like processes.

In cross sections of the larva the strong convexity of the stomach wall toward
the originally dorsal side close to which it runs and the contour of which it

follows is very striking, especially in contrast to the opposite side, which is straight
and runs approximately in the median transverse plane.

At the oral end the stomach is considerably extended in a direction at right

angles to radius V. Aborally it contracts very quickly, appearing there of very

irregular form.

The stomach wall is composed throughout of a single layer of cells, which are

larger than those in the esophagus. Since the cells increase and decrease regu-

larly in height, the surface bordering the lumen appears in sections waved or

scalloped, these waves or scallops being much more marked in some individuals

than in others.

Approximately in radius I, where, on a cross section of the animal, the dorso-

lateral wall of the stomach passes abruptly over into the inner wall, a moderately

deep channel bordered with especially small cells runs from the oral to the

aboral end.

The cells of the stomach wall, in spite of the difference in their lengths, are

all of the same structure, prismatic, carrying the nuclei in their outer ends toward
the ccelome. These nuclei are larger than those in the cells of the esophagus, but

stain somewhat less intensively in hsematoxylin. When the stomach is empty the

ciliated inner ends of the cells are clearly seen, each cell apparently bearing a

single cilium with a deeply colored root sunken into the outer end. Under the

plasmatic bordering layer is a narrow clear zone in which the plasma appears

frothy and includes clear rounded vacuoles which are possibly filled with digestive
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fluid secreted from the cells themselves. Very often this clear zone is of consider-

able width.

When the stomach is filled with food the inner ends of the cells lose their

distinct borders, and the cell plasma appears to merge into the included mass.

The hind gut, representing the hind gut on the originally right side of the

stomach, arises gradually from the posterior end of the latter, so that no sharp

dividing line between te two can be drawn. Such a dividing line would lie in

the interradius bounded by radii III and IV.

The hind gut tapers quickly to a tube, which, as in younger stages, runs in

the horizontal mesentery close to the body wall, passes through the interradius

IV-V in a broad curve, and, extending somewhat beyond the original median

line, opens to the exterior through the anus, which is situated more or less near

radius V, though always in the interradial space V-I. Seen from the oral side

of the larva the turning of the gut is clockwise.

The wall of the hind gut is composed of a single layer of cells. In the proxi-

mal part the cells resemble those of the stomach wall. Farther posteriorly they

usually become lower, and the differentiation of the inner ends described for the

cells of the stomach wall can no longer be made out. Thus in the younger stages

the walls here may be closely pressed against each other, so that the lumen entirely

disappears. Usually no cell borders can be distinguished, though the nuclei lie

fairly regularly distributed near the outer walls. In a few cases, however, cross

sections through the end gut show clearly high prismatic cells, the nuclei of which

lie in the outer ends, while from the inner ends pseudopodialike processes radiate

which form with those of the adjacent cells a reticular structure. In the cases

where no cell borders can be demonstrated similar pseudopodialike structures are

found, but here the network appears to be more coarsely developed, often filling

the entire lumen. It is possible that this is the effect of preservation, and that in

the living object the cells are ciliated, like those of the stomach.

According to Perrier the anus is bordered with large cilia an observation

partially confirmed by Seeliger.

The distalmost end of the gut is of exclusively entodermal origin. The ecto-

dermal invagination observed in numerous cases in the formation of the anus,

by which an ectodermal rectum is formed, appears to be of later origin, occurring

after the anus has moved from its lateral position on the side of the calyx to the

definitive position.
CdXOME AND ITS DEKITATIVKS.

At the end of the last developmental period the two coelome pockets had

already reached their definitive position, and their further alterations are relatively

unimportant.
These alterations consist in a progressive advance in the dissolution of the

mesentery, so that the originally separate sections become more and more broadly

united, and finally can no longer be clearly differentiated.

The wall of the oral ccelome is now composed of an extremely delicate pave-
ment epithelium which can everywhere be clearly demonstrated as such, though
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in many cases it has become intimately united with the aboral wall of the hydro-
coele ring and with the body wall.

Since the ventral ends of the coelome pockets are still considerably separated
from each other, a typical mesentery is not found in the early fixed stages. But
when as a result of the dissolution of the horizontal mesentery the right end has

broken through, this increases very rapidly and comes into contact with the left

blind end of the oral ccelome. The wall of the latter and that of the united oral

and aboral ccelome lie closely together and form the vertical mesentery of the oral

coelome in which the stone canal runs. This mesentery runs from the margin of

the esophagus directed approximately toward radius I into the interradial space

I-V, but always reaches the body wall near radius I.

The inner wall of the aboral ccelome enveloping the gut and the axial organ
can always be clearly recognized as a distinct pavement epithelium, but the outer

wall (the parietal layer) in various places merges so intimately with the body
wall that over much of its extent it is no longer demonstrable as an independent

layer.

The vertical mesentery is no longer preserved as an entity. First it atrophies

in its central portion, and then begins to disintegrate into individual disconnected

cords which traverse the body cavity longitudinally and more or less diagonally.

Meanwhile the dissolution of the horizontal mesentery has made progress.

In longitudinal sections it appears as a thin lamella, including nuclei in which

the two layers from the union of which it has arisen are no longer everywhere
demonstrable. The entire central part, extending between the esophagus, stomach,
and gut, has disintegrated into trabeculse.

In addition to these trabeculsp, arising from the remains of the mesentery,

many others form independently from the coelome wall. This process first began
in the preceding stage, but now the trabeculse appear in much greater numbers

and reach a greater length. Often an entire trabecula is composed simply of a

single metamorphosed cell, though commonly several take part in its formation.

With the advancement of the dissolution of the mesentery the whole ccelome

takes on more and more the character of a single cavity, which is lined with an

inner layer (the visceral layer) inclosing the internal organs and an outer layer

(the parietal layer) ,
which here and there is fused with the body wall.

By the remnants of the vertical mesentery of the lower ccelome and the

lamellae of the horizontal mesentery the body cavity is now separated into entirely
distinct chambers, which are traversed by trabeculse in part derived from the

mesentery and in part of independent origin.

CHAMBERED OKQAN.

As in the preceding stage the chambered organ is composed of five ampullalike

swellings and five processes from these extending into the stem.

The former are encompassed by a wall composed of a pavement epithelium
made up of a single layer of cells; but the thickness of the wall, as well as the

form of the swellings and the size of the lumina, is more or less variable. These
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rudiments of the chambered organ lie close down upon the coelomic wall, though
there seems never to be a connection between the two cavities. Often the five cham-

bers do not lie in the same transverse plane, but it is not difficult to find individuals

in which this is the case.

Since in this region a section through the calyx now shows the pentamerous
structure strongly marked, it is easy to see that the chambers are radial in position,
a fact not previously clearly brought out.

Regarding the question in what way the original evaginations which appeared
in the free-swimming larva have moved into radial positions, it is evident in

sections cut farther orally that the vertical mesentery is in interradius IV-V,
and correspondingly the chamber lying in radius V can be traced back to that

evagination which originally appeared on the left side ventrally and was designated
as evagination 1. From this it is easy to see that the original evaginations 2, 3,

4, and 5 are now the chambers lying in radii I, II, III, and IV.

The extensions of the chambered organ traverse the stem as cords of cells in

which the cross section shows no lumen, and indeed the individuality of the cords

themselves is lost a short distance from the calyx.

In longitudinal view the component cells are seen to be elongate and spindle-

shaped, with distinct nuclei, joined together end to end. The ends of adjacent
cells are so intimately vmited that the cell borders are not recognizable, and the

impression given is that of a continuous plasmatic cord bearing more or less

regularly spaced nuclei. A similar developmental stage can be commonly observed

in the formation of the muscle fiber lines, but whether the further developmental
course of the two is the same is uncertain.

AXIAL ORGAN.

Soon after the opening of the vestibule the axial organ becomes detached from
the whole oral part of the fold of the visceral layer through the thickening of

which it has arisen, and appears as an isolated cord of cells.

This cord very quickly becomes hollowed out into a tube of which the lumen
at first is always narrower than the thickness of the walls. The latter consist of

a single-layered epithelium, though cell borders can not always be differentiated in

the thick mass of plasma. The structure appears to be in course of active growth,
for the nuclei are commonly seen in process of division. The resting nuclei are

larger than those of the ccelomic wall.

The fold of the visceral layer enveloping the axial organ is composed of a

more or less strongly flattened epithelium, which in the middle section always lies

closely on the tube. In the oldest larvae of this period the axial organ on the side

toward the gut is accompanied by a number of longitudinal muscle fibers which
are formed from the fold of the visceral layer on the side toward the axial organ.
These fibers also are found in the esophageal section of the fold, and in a short

section lying on the gut.

Toward the oral side the axial organ has become extended as far as the oral

disk and into the vicinity of the oral ccelome, where it approaches the border of
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the esophagus facing the posterior end of the gut. As in the central section it is

here also enveloped by a fold of the coelome wall, which in the outermost part,

however, is less closely connected with it, so that the axial organ is immediately
surrounded by a small space, which can be traced back to the primitive body

cavity, and has no connection with the true ccelome. On the oral side this cavity

ends under the ectodermal oral disk, to the inner wall of which the fold of the

cnplomic wall enveloping the axial organ is attached, after broadening out like a

funnel. Aborally it disappears, since the axial organ entirely fills the cavity.

Toward the aboral end the axial organ, as already described, passes into the

vertical mesentery of the aboral coelome, traverses the central space which is

inclosed by the chambered organ, and finally loses itself between the cordlike

processes of the latter. How far it extends into the stem has not been determined.

Sometimes in the oldest larvae of this period the aboral part of the axial organ
almost from the entrance into the chambered organ appears merely as a cell

cord without a central lumen.

In its short course in the vertical mesentery it possesses in some cases a

special sheath which appears as a fine pavement epithelium.

In the portion of the axial organ lying at the outermost end of the ccelome

the conditions are as they were in the oral portion at its first appearance.

HTDROCCELB.

In this stage the hydroccele ring usually becomes entirely closed by the

growing together of the two blind ends in the interradius I-V. The septum com-

posed of a double thickness of pavement epithelium representing the apposition
of the two blind ends ruptures in various places and finally disintegrates into a

number of trabeculse. But among larvae of five weeks individuals may still be

found in which the two layered septum still persists.

The lumen is rather extensive. Its shape in cross section varies according
to the state of contraction, but apparently it is usually broader in the direction

parallel to the major axis than in the transverse plane.

The wall is everywhere composed of a single layer of high cells, which become

larger in a zone running under the nerve ring. Along this zone ring fibrillae

appear which surround the whole hydroccele ring and form a sort of sphincter.

They lie on the outer side of the hydroccele wall and in cross sections are evident

as strongly refractive elongate or peg-shaped bodies. In longitudinal view the

fibrillae are seen to be cross-striped, and the nuclei appear in general to be

arranged in longitudinal rows.

In some of the oldest larvae the ring fibrillae occur not only on the region

lying on the nerve ring, but also on the entire inner wall and on a part of the

aboral wall, where, however, they are very delicate and not entirely regular, not

accompanying the entire canal in an unbroken layer, but forming a more or less

complete investment of longer or shorter ring fibers.

These muscular fibrillse arise from the hydrocrele wall, and not from mesen-

chyme cells.
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The trabeculse traversing the ring canal and connecting the inner and outer

walls have increased considerably in numbers. In each a nucleus is found, usually

in the middle
; frequently two or more occur in a single trabecula. In the younger

stages these have no special fibrillar structure, and in cross section are rounded

or quadrilateral, somewhat flattened, or bandlike. The last is the most common
in the older stages, in which the broad side is usually, but not always, parallel

to the oral wall.

When the trabeculse contract they become more cylindrical. On the border the

cross section shows a prominent stripe which on strong magnification resolves

itself into a number of fibrillse running closely side by side. These fibrillse are

usually from two to four in number, often only one, in a few cases five. They

appear usually entirely structureless, but sometimes finely granulated; cross

striping has not been proved. At the end of the trabeculse the fibrillse appear

to be somewhat thicker than in the middle. They enter the hydroccele wall and

end with it.

In the larvae in which the septum in the hydrocrele ring still persists the origin

of the stone canal from the blind end lying to the right in interradius V-I can

be very clearly made out. It forms a V-shaped loop, of which the two arms

are bent in a different way, so that the whole canal can never be seen at one time

on a thin section. It runs in the vertical mesentery of the oral ccelome and opens

on its border against the horizontal mesentery in the parietal canal. This branch

often runs quite horizontally and is directed outwardly and toward radius I,

while the part joining the hydroccele ring runs more vertically.

In its structure the primary stone canal of the larva entirely resembles the

numerous canals of the adults. It is a thick-walled tube, of which the diameter

of the lumen in the older larvae somewhat exceeds the thickness of the walls, and

is composed of a single layer of moderately high prismatic or truncated pyramid

cells, the nuclei of which are large and stain strongly. In the terminal section

the cells in the wall toward the parietal canal are somewhat lower, often cubical.

From the mesenchyme tissue the canal is sharply differentiated. In the lumen

a striped border zone can often be demonstrated, suggesting ciliation.

From the preceding description it is evident that the stone canal is formed

rather late as an independent evagination of the hydroccele ring which leads

into the parietal canal and at no time opens freely to the exterior.

The hydroccele cavities of the tentacles consist of single-layered sacks, with

broad lumina, which taper toward the distal end, lying directly beneath the

ectoderm. In the 15 large tentacles the separation of the individual sacks has

advanced to the hydrocoele ring, so that each of these tentacles now arises from

that ring quite independently of the other two.

In the hvdroccele of the tentacles there are now no muscular trabeculae,

though these were present in the original evagination. The walls are composed
of a flat epithelium in which the nuclei, lying on the inner side, are somewhat

larger but less easily stained than those of the ectoderm cells. At the distal end
the cells are somewhat thicker and richer in plasma, and further extension of

the sack, correlated with the lengthening of the tentacle, appears to take place here.
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On the outer side the epithelium has everywhere given rise to parallel longi-

tudinal fibrillee, which in cross section appear as strongly refractive bodies, and

viewed longitudinally appear cross-striped. Toward the root the fibrillse extend

to the hydroccele ring. On the inner side the fibrillae are here considerably

coarser than on the outer, and their distalmost ends stretch over a part of the

ring musculature of the hydroccele ring, running between it and the ectoderm.

On the thinner outer wall the fibrillae become finer basally, and some (but not all)

of them continue as extremely fine fibers, to the oral part of the oxiter wall of the

ring canal. Seeliger was unable to recognize cross striping in the ends of these

fibrillae.

The structure of the hydroccele cavity of the small interradial tentacles is

essentially the same. At their bases, however, the outer muscular fibrillae are

especially well developed, and can be followed somewhat farther aborally than

those of the inner side. The hydroccele of these tentacles is connected with the

hydroccele ring by a common base, over which only the outer fibrillae pass.

There are no ring fibrillae in the tentacles.

PARIETAL CANAL.

During this period the parietal canal undergoes no important changes; but

the contrast in the histological structure of the two sections becomes more and

more emphasized.
The terminal section is tubular, and is composed of a cubical or fairly high

prismatic epithelium, which is probably ciliated. As in earlier stages it runs

transversely, and its inner end is depressed more or less steeply toward the aboral

and originally right side, reaching about to the vertical mesentery of the right

ccelome, where it passes over, the walls gradually becoming thinner, into the

parietal cavity. The outermost portion of the terminal section turns outwardly
at a sharp angle to open as a pore near radius I, and always in the interradius

V-I, where the anus also lies.

The pore varies in form and width and appears to be able to expand and

to contract. Since special muscles are absent, the changes in the shape of the

pore must be connected with the changes in the entire calyx.

The end of the canal immediately adjacent to the pore is ciliated, and in

some places longitudinal striping can be recognized in the ends of the large

cells. If any ectoderm cells at all are involved in its formation they can only

be very few in number and at most can only form the outer border.

The inner section of the parietal canal, the parietal cavity, shows consider-

able differences in regard to its form as well as in regard to the histological

structure of its walls. Generally speaking, it stretches in a peglike blind extension

more or less far toward the aboral pole, lying closely upon the parietal layer of

the aboral ccelome. Into the broader portion the stone canal opens.

Sometimes in old larvae the wall can be demonstrated as a distinct pavement

epithelium, especially in the aboral end piece; again it becomes fused with the
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tissue of the body wall surrounding the parietal canal, so that it loses its indi-

viduality. The latter seems to be its ultimate fate in all the larvae.

In young larvae the inner wall of the parietal cavity is always separated
from the ccelomic epithelium by mesenchyme. Little by little this is withdrawn,
and both walls gradually grow together into a single lamella.

This lamella separating the ccelomic cavity and the parietal canal at first is

composed of two pavement epithelia, which can be differentiated in many larvae,

though in others there is only a thin partition with embedded nuclei to be seen,

which finally breaks down, so that the parietal cavity becomes merely a diver-

ticulum of the coelomic cavity. The intercommunication of these cavities appears
to become established in different larvae at widely different ages.

The number of stone canals and pore openings through the calyx increases

considerably in the subsequent development. At the time of the separation from
the larval column five stone canals are present which open outwardly through
five pores as in the adult of the species of Rhizocrinus. Later the stone canals,

as well as the calyx pores, increase in number, without further correlation. As

Ludwig states that there are at least 30 stone canals in each interradius (in

Antedon mediten'anea) ,
while the number of calyx pores is approximately 1,500,

it necessarily follows that the later efferent vessels from the hydroccele can not

be formed in the same way as the first.

As the result of muscular action the larvae assume very different forms, and

apparently the volume of the body changes also. This is probably the result

of changes in the volume of the water in the intestinal canal, which is open to

the exterior through the mouth, though partly due to the variation in the water

content of the parietal cavity, which opens to the exterior through the pore.

MESENCHYME.

Sacculi. After the rupture of the vestibule the first five sacculi enlarge

rapidly, becoming spherical or egg-shaped bodies, causing humplike swellings
in the cuticle, from which they are no longer separated by intermediate cells.

Correlatively with the increase in size the structure of the sacculus changes.
An epithelial cortical Iaj

7er separates itself from the inner mass and rapidly
becomes flattened, forming a membranelike pavement epithelium in which flat-

tened nuclei can be clearly made out inclosing the inner mass like a capsule.
There is no fusion between this and the surrounding mesenchyme. Often the

inner side of the capsule is composed of cells richer in plasma than elsewhere;
such a condition probably represents an intermediate developmental stage in

which the flattening has not yet been entirely completed.
The cells which fill the capsule, originally showing the nucleus and cell

body clearly differentiated, after increasing by division become rapidly altered.

The form becomes rounded, and they unite in numerous groups, each of which
is composed of a number of individual elements, from two, three, or four to a
dozen or more. The size and form of each group varies with the number of
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included elements. The smaller are usually egg shaped, the larger like bunches

of grapes. In the same sacculus the most diverse types are seen side by side.

In the living object the individual elements of each little group are colorless,

homogeneous, and strongly refractive. They stain readily and uniformly and

ordinarily show neither nuclei nor chromatin grains. But under special treat-

ment most of the elements can be recognized as true cells.

Roughly in the center the nucleus, including a few chromatin grains, can

be differentiated. It is large and vesicular, surrounded by the scant protoplasmic
mass of the cell body, which, when the elements are closely crowded, are convex

only on the free side, the other sides being flattened against each other and poly-
hedral. Very commonly, however, a definite nucleus can not be made out, and
there are only to be seen chromatin grains apparently lying freely in the cyto-

plasm. The amount of chromatin is variable in the different elements; some-
times there is a considerable quantity, and again so little that its demonstration
is difficult.

In a somewhat more advanced stage the cell clusters have become elongated
and the constituent cells spherical. Between the larger clusters lie a few smaller

irregular groups. There appears to be no definite arrangement of the large

groups, although the majority lie with the curved base on the cortical pavement

epithelium and the point centrally. Seeliger in a few cases saw clearly the fili-

form hyaline process at the pointed end of the cell clusters, though it was shorter

than in the adults and never reached the wall of the sacculus. No enveloping
membrane was discerned.

By the isolation of the individual elements of a cluster it is made plain

that in spite of the absence of an inclosing membrane these cling rather closely

together. They are not all the same in structure. Relatively few can be shown

to be complete cells with a cell body and a small nucleus containing a few chro-

matin granules. Most of the nuclei contain no chromatin. Within some of the

cells is a clear vesicular body, usually placed excentrically, which is perhaps the

remains of the nucleus, or perhaps the beginnings of a vacuole. This last type

may represent the ultimate development.
In the oldest larvae of this period five new sacculi are formed between the

original five and the oral surface. They do not develop at the same rate, with

the result that a single larva shows several different developmental stages in the

different radii. The separation of the original cluster of mesenchyme cells into

a peripheral and a central part in these sacculi occurs much earlier than in the

first five.

Connective tissue. As in the period preceding the mesenchyme cells form in

connection with the elements of the outer layers in the body wall a uniform

tissue, in which only the most superficial cells, mostly spindle-shaped and stand-

ing more or less at right angles to the surface, can with certainty be traced back

to the ectoderm, while the deeper cells, bordering directly upon the hydroccele
or the parietal layer of the ccelome, undoubtedly originated from the mesenchyme.
In the intermediate layer no separation of the cells according to their origin is
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possible. All the cells are connected by protoplasmic processes and, as in younger

stages, lie in a homogeneous intercellular mass.

In the middle and deeper layers of the body wall the cell forms are ex-

traordinarily diverse. They may be strongly rounded, star shaped, branched,

or spindle shaped, with pointed or gabled ends, each type being indiscriminately

distributed. Some, scattered and running in various directions, give the impres-

sion of muscle fibers, but whether they are in reality contractile elements has not

been definitely determined. The musculature of the hydroco?le suffices to explain

the movements in the larval calyx.

In the column the mesenchyme shows approximately the same structure as

in the stage preceding. With the extraordinary elongation of the columnals the

importance of the connective tissue has diminished.

Between each two columnals a layer of closely packed mesenchyme cells,

spindle shaped, with the strongly stained nuclei in the thickened central portion,

is found. Whether or not these cells are attached to the ends of the calcareous

segments has not been determined.

The other mesenchyme cells of the column lie within the fascicles as a mass

of weak and pliant connective tissue, and are concerned with the formation of

the calcareous portion of the columnals. If any of the cells function purely as

connective tissue it is not evident from their structure, since all of the mesen-

chyme cells appear essentially the same. For the most part the cell bodies are

elongated in the direction of the major axis and are united through their branched

ends. The nuclei are sharply delimited. Within the calcareous substance cell

borders are very difficult to recognize, so that the nuclei appear to lie in a plasmatic

reticulum.

The axial canal, passing through the central portion of all the columnals, is

now entirely occupied by the process from the axial organ, and the five processes

from the chambered organ surrounding it. The cord formed of these six struc-

tures is covered by mesenchyme cells only in the region of the articulations.

Dorsal nervous system. At the junction between the calyx and the column,
about the chambered organ there is a considerable aggregation of mesenchyme
cells which does not take part in the formation of the calyx plates. They resemble

the usual connective tissue cells and are mostly rounded, with numerous star-

shaped, and some spindle-shaped. These cells eventually form the dorsal (meso-

dermal) nervous system the central organ of which surrounds the chambered organ.

ANTEDON MEDITEKRAXEA.

Figs. 1182-1185, pi. 28, 1190, pi. 29, and 1194, pi. 30.

Very detailed studies have been made on the embryology and development of

this species by Bury at Naples, and by Barrois at Villafranca, his material

coming from Villafranca and especially from Toulon.

Both investigators found that all the embryos, not merely on the same mother

but on all the individuals from the same locality, brought in on the same day
are in the same developmental stage.
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In the 32-cell stage Barrois found the embryo to consist of eight larger cells

about the vegetative pole and 24 smaller cells, as Seeliger describes it in A. adriatica.

Bury makes no mention of a difference in the size of the cells.

Bury notes that the first cleavage furrow makes its appearance soon after

midday, probably at least three hours after fertilization. Subsequent divisions

occur at intervals of about an hour.

The formation of the blastosphere is not completed until fully 12 hours after

the first cleavage.

Gastrulation begins about 20 hours after fertilization (17 hours after the

appearance of the first cleavage furrow) ;
the blastopore attains its greatest

dimensions about the middle of the second day, and closes completely about 40

hours after fertilization.

Apparently no cilia are developed until after the closure of the blastopore.

Early on the third day the embryo is covered with a uniform coating of cilia.

By the fourth day the embryo has nearly lost its pink color and has become

white or faintly yellow. It has also become somewhat more elongated and,

though still ciliated all over, the body surface has begun to show distinct ciliated

bands.

By the fifth day the embryo has acquired almost all the external features of

the completely developed free-swimming larva. The general color is usually

yellowish brown, but this color is confined to the nonciliated portions, so that the

ciliated bands and the two ventral depressions (also ciliated), which are white,
are very clearly defined, their degree of distinctness varying with the amount
of pigment developed elsewhere. The greatly elongated cilia of the anterior tuft

also spring from a nonpigmented area.

Besides the yellowish brown cells the nonciliated areas also contain a number
of the "yellow cells." By reflected light, if much pigment is developed elsewhere,

these cells are very inconspicuous; but when teased out and viewed by transmitted

light they appear bright green, while the other ectoderm cells, in which but little

pigment is present, appear colorless.

Bury found that in almost all cases the ciliated tuft is directed forward;

indeed, out of hundreds of larvae examined he never saw one swim in the opposite

direction, except when it encountered an obstacle, in which case it would reverse

its motion for a short distance always, however, resuming before long its original
course. The fact that when at rest the cilia all curve toward the anterior end is

probably connected with this mode of swimming.
The first rudiments of the skeleton make their appearance early on the

sixth day. Bury could discover no indication that the terminal stem plate, basals,

and orals are developed in any particular order, though he considers it probable
that all of them are developed before the columnals.

Early on the seventh day the infrabasals make their appearance at the

posterior end of the series of columnals. They are three (rarely four or five) in

number, and in form resemble small basals, though they are developed at a much
deeper level than these plates, and are usually nearer the posterior end of the
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body than the two ventral basals. These three infrabasals are at first equal in

size, but after a while two of them begin to grow more rapidly than the third,

eventually attaining to about double its size.

At a later stage the inner border of each becomes smooth and concave, and

they then range themselves in a circle around the chambered organ, just above

the topmost columnal. The arrangement of the plates is still the same as in the

earlier stage. Somewhat later they fuse with one another and with the topmost
columnal so as to form one large plate. Though the sutures of the infrabasals

still persist, the plates themselves have grown out into five angles which are

radial in position, fitting in between the bases of the basal plates. While the

dorsal infrabasal produces only one angle, each of the other two grows out into

two angles, this fact strongly suggesting that each of these larger infrabasals

represent a pair of coalesced plates, and that the primitive arrangement would

be the possession of five radial infrabasals. At a slightly later stage the sutures

disappear, though the groove separating the infrabasal series from the topmost
columnal persists for some time.

Thus in reality the topmost columnal only forms the lower half of the centro-

dorsal, the upper half being formed by the infrabasals.

Bury records that the larvae showed a singular want of discrimination in their

choice of positions for fixation
;
besides numbers which perished from attaching

themselves to objects too small to support them, some attached themselves to the

pinnules of the parent, where they never managed to adhere very long, and others

to their own cast-off vitelline membranes, which were soon eaten up by bacteria

and infusoria.

The ease with which the vitelline membrane can be broken is subject to

considerable variation. Some whole broods are set free with ease on the fourth

day; but in most broods the majority are not set free until the seventh day, and
a considerable number are unable to free themselves even on the ninth or tenth

days, long after the majority of the larvae have become fixed. Such prisoners,

when at length liberated, are seldom able to fix themselves, and if they do they

usually exhibit considerable abnormalities of form and either grow into monstrous

shapes or remain perfectly spherical. Some of the last Bury liberated as late as

the eleventh day, and though they had lost the two ventral depressions, they
still retained some of their cilia in active motion.

Bury writes that the reason of so much variation in the consistency of the

vitelline membrane, leading so often to considerable loss of life, is not easy to see,

but it may possibly be connected with the varying conditions to which these annuals

are exposed. Thus if the membrane were always of the same strength a sudden

storm might set all the larvae free at too early a stage of development, and so

deprive them of the protection afforded by the pinnules of the parent, while if the

membrane were strong enough to resist a storm, a continued calm might leave a

greater number unable ever to free themselves than at present occurs.

The first changes which occur after fixation are principally histological, and
it is not for some hours that the general internal anatomy alters much. The
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ectoderm soon loses its distinctness from the mesoderm, the ciliated bands degen-

erate, and histolysis, setting inward from the ectoderm, rapidly spreads to all the

tissues, and results in the obliteration of almost all the previously existing histo-

logical differentiation. The details of this histolysis are extremely difficult to

follow, and both in its mode and degree of action and in the relative tunes at

which it affects different organs it appears to vary considerably.

Bury notes that the number of columnals in the free-swimming larva is

variable, but by the time the larva fixes itself from 13 to 15 are usually present,

and this number is maintained throughout the pentacrinoid stage.

Prof. A. Russo, taking exception to Seeliger's interpretation of the conditions

in Antedon adriatica, states that the parietal sac is from the beginning in com-

munication with the stone canal, and that at first, as in all the echinoderms, it alone

communicates with the exterior, opening on the back of the larva near the fourth

ciliated band. In the course of development this primitive opening is obliterated,

so that in the fixed larva a few days old the madreporic system is composed of an

internal sand canal which carries at its extremity, turned inwardly, a vesicle

which is the parietal sack. Communication between this system and the exterior

is reestablished later, when the column has become elongated and the oral valves

have formed. It comes about through a secondary and independent formation

from the true water vascular system that is, by means of a canal of ectodermic

origin which ultimately opens into the parietal sack.

Russo noticed that below the point which corresponds to the opening of the

secondary ectodermal canal leading into the parietal sack a primitive gonad is

formed, which after a short time atrophies.

ANTEDON BIFIDA.

Figs. 1176-1181, pi. 28, 1186-1189, pi. 29, 1191-1193, pi. 30, 1195, pi. 31, 1201-1203, pi. 32,

1204-1206, pi. 33.

Our knowledge of the embryology of Antedon ~bifida is based upon the work

of Busch (1849, 1851), Sir C. Wyville Thomson (1865), and Prof. W. B. Car-

penter (1866), all of which was done before the inception of modern methods of

technique. The results of their studies, therefore, are not strictly comparable with

the elaborately detailed investigations of Seeliger, who was able to avail himself

of all the latest refinements. But certain important features stand out which are

not dependent upon differences in methods.

According to Sir Wyville Thomson the eggs of this species when fully grown
measure about 0.5 mm. in diameter.

The formation of the polar bodies may be very easily followed. A very distinct

globule about half the diameter of the germinal vescicle, with an obscure nucleus,

passes out of the egg. In all cases in which Thomson observed it, it was accom-

panied by two or three minute rounded granular masses. During the earlier

stages of segmentation the polar bodies remain perfectly distinct, but toward the

beginning of gastrulation it becomes difficult to differentiate them from the cells

of the embryo.
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Thomson says that the free-swimming larvae are from 1.5 mm. to 2 mm. in

length. The larvae found by Busch in the Orkneys were somewhat smaller than

those of Antedon adriatica.

Thomson notes that the cilia do not vibrate with the regular rhythmical

lashing of ordinary cilia, but seem to move more independently, their motion

regulating the rapidity and direction of the movements of the animal in the water.

The anterior tuft of long cilia is in perpetual vibratile motion.

The larva swims with either extremity in advance indifferently. It swims

rapidly with a peculiar swinging semirotary motion.

When resting the ventral surface is downward.

The spicules forming the rudiments of the calcareous plates are at first blunt,

irregular cylinders, but shortly they fork at either end and, finally, by repeatedly

dichotomizing and anastomosing, they form delicate plates of calcareous network.

W. B. Carpenter observed that the nature of the objects to which the larvae

attach themselves varies with the locality. In Lamlash Bay, Arran, he never

found them on anything but the fronds of Laminaria, to which the adults

habitually cling, or on bryozoans or Spirorbis growing on these. But at Ilfracombe,

where Laminaria is much less abundant, but where on the contrary Salicomaria

grows in great luxuriance in the habitat of Antedon, the pentacrinoid larvae

are found living on it. In the Bay of Cork Mr. J. V. Thompson found the

larvae attached to the various species of Sertularia and Flustracea which occur in

the deeper parts of the Cove, in from eight to ten fathoms. Mr. Wiliam Thompson

(of Belfast) found them attached to Delesseria sanguined. Usually the larvae

are widely distributed over the surface of the object to which they are attached,

but sometimes a group of several, showing different stages in development, may
be met with. Doctor Carpenter had one specimen showing more than 70 penta-

crinoids, all nearly in the same stage of development, attached to the surface of a

patch of M embranipora which was encrusting a frond of Laminaria; and another,

given him by Sir Wyville Thomson, in which 35 pentacrinoids in the "prebrachial

stage" are so closely crowded that the discoidal bases of their columns have come

into mutual contact and have acquired a polygonal form. These latter were bred

in an aquarium. Similar clusters were found by Thomson attached to the inner

surface of a dead valve of Modiola modiolus.

In pentacrinoid larvae somewhat older than the oldest examined by Seeliger

Doctor Carpenter found beginning immediately within the mouth a series of

irregularly lobed glandular masses, pale yellowish brown in color, projecting
into the cavity of the stomach and curving in an irregular spiral down to the

bottom of the cup. These glandular folds are richly clothed with long vibratile

cilia. The merest film of sarcode separates their secretion from the stomach

cavity. The slightest touch, even of a hair, ruptures them and causes the effusion

of a multitude of minute granules, some colorless and transparent and others of

a yellow or brownish hue. Carpenter believes that from their position and color

there can be little doubt that these lobes form a rudimentary lever. They appear

very early in the pentacrinoid, coloring the lower portions of its body in the

142140 21 Bull. 82 34
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earlier stages of its growth within the free-swimming larva. They increase

constantly in volume during its later stages, and with but little change of

character make up a large portion of the visceral mass in the adult.

In the pentacrinoid toward the end of the "prebrachial stage" the rapid

enlargement of the body causes five diamond-shaped spaces to appear at the

points where the upturned angles of two oral plates adjoin the truncated upper

angles of two adjacent basals. In these spaces cylindrical spicules appear which

soon become club shaped, dichotomize, branch, and anastomose into delicate net-

like superficial plates, irregularly oval in shape, slightly produced superiorly,

their upper narrower portions resting beneath and supporting the gradually

extending sarcode projections which are terminated by the azygous tentacles.

The equatorial portion of the body, the band between the upper edges of the basals

and the lower edges of the orals, now rapidly expands. The five young arms
extend outward, their bases carrying out with them a zone of sarcode which gives

the central portion of the body a great additional width. The oral plates maintain

their original position, so that they are now completely separated from the basals

by this intervening equatorial band, and are left, a circlet of five separate plates

each inclosed in its sarcode lobe, on the center of the upper surface surrounding
the mouth and inclosing the 10 interradial ("nonextensile") tentacles only
The radial plates begin to thicken, especially toward the upper margin, and this

thickening is produced by the growth beneath the cribriform superficial calcareous

film of a longitudinal mass of tissue of the same character as that which forms

the cylindrical axis of the columnals. On the lower surface of each arm, in

linear series immediately above the radials, two spicules, horseshoe shaped with the

opening above, appear almost simultaneously and become quickly filled up with

elongating sheaves of longitudinal trellis work. These extend along beneath the

extending arms, and indicate the IB^ and the IBr
2 (axillaries).

The upper surface of the arms now becomes grooved by the development
on either side of the central vessel of a series of delicate crescentic leaves. These

leaves are hollow, communicating by special apertures with the radial vessel

and filled with fluid from it. At the base of each of the leaves there is a pair of

tentacles forming a group with the leaf, and along with it communicating with

the vessel. One of these tentacles (the distal) is somewhat larger than the other.

They are both slightly club shaped, the club-shaped extremity fringed on either

side with conical papillae. They are nonextensile, and resemble in every way
the 10 nonextensile (interradial) tentacles early developed from the oral ring.
A group consisting of a crescentic leaf and two nonextensile tentacles lies imme-

diately at the base of each extensile tentacle, and a little lower down the arm.

Minute spicules, some of them simple or key shaped and others expanding into a

cribriform film, appear in the superficial sarcode layer along the back or edges
of the arms; and usually at the base of each of the tentacles, irregularly embedded
in the sarcode substance, there is a sacculus.

A little later the end of the arm shows a tendency to bifurcate, and two half

rings, with their inclosed sheaves of calcified tissue, give the first indication of

the first two brachials.
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At this stage the arm is free from the base of the IBr^ later the visceral

sack extends to the bifurcation, and the whole of the IBr series becomes included

in the cup and disk.

The azygous (median unpaired) tentacles go no farther than the bifurcation.

They remain for some time in the center between the two divisions of the arm,
while secondary branches from the radial canal run on in the brachial grooves.

About the period of the development of the IB^ a forked spicule makes its

appearance in one of the interradial spaces between the upper portions of two of

the radials. This gradually extends in the usual way until it becomes developed
into a superficial rounded cribriform plate.

Simultaneously with the appearance of this radianal plate a caecal process,

like the finger of a glove, rises from one side of the stomach toward the plate.

The plate increases in size, becomes inclosed in a little flattened tubercle of sarcode

and, maintaining its upright position, passes slightly outward, leaving a space on

the edge of the disk between itself and the base of the oral plate immediately
within it. Toward this space the csecal intestinal process directs itself. It rises

up through it in the form of an elongated tubular closed papilla. The summit

of the papilla is finally absorbed, and a patent anal opening is formed.

The azygous tentacles remain persistent for some time in the angles between

the two first brachial segments, and finally become absorbed and disappear.

Regarding the later development of the arms W. B. Carpenter says that at

the beginning of the free stage the first primibrachs begin to show a modification

of their originally nearly cylindrical form, being somewhat widened out at their

lower end, so as to form two articular surfaces which are not, however, directly

opposite those of the radials, but slope away from them, so that, while in close

proximity with them on the dorsal face, where they are connected by ligaments,

they are separated by a considerable interval on the ventral side, where muscle

intervenes an arrangement which gives to the muscle fibers the length required
for their efficient contraction. The upper end, however, is simply rounded off,

presenting 110 proper articular surface, and it is connected with the base of the

second primibrach by ligaments only. Although the dorsal surface of the first

primibrach is everywhere convex, its ventral face still shows a deep groove along
its median line

; this, however, is separated by a distinct layer of calcareous network

from the axial canal beneath it, which opens at its lower end between the articular

surfaces and at its upper in the center of its rounded termination.

The IBr, (axillaries) at the commencement of the free stage show, like the

IBr,, only a slight departure from the original simple type, their lower portion

being incompletely cylindrical, while the upper is somewhat expanded laterally

to form a pair of articular surfaces, which look obliquely toward either side and
are separated by a projecting median ridge. The lower extremity is rounded off

so as to resemble the upper end of the first primibrach and, like it, shows the

orifice of the axial canal in its center, while each of the articular surfaces at its

upper end shows a similar perforation which is the orifice of one of the two
branches into which the axial canal bifurcates in the interior of the segment for



506 BULLETIN 82, UNITED STATES NATIONAL MUSEUM.

the supply of the two arms borne by it. The dorsal face of this segment is

everywhere irregularly convex, but the ventral face has a deep depression in its

center, the bottom of which almost reaches the axial canal.

The alteration which the form of the IBr, undergoes in the progress to maturity
is even greater than that of the radial, for while they increase but little in the

direction of their original length they undergo a great augmentation both in

breadth and in depth, their proximal face attaining an equality in both dimensions

with the distal face of the radial to which they are articulated, and the distal

face coming to present a similarly expanded surface to the proximal face of the

IBr2 in place of the mere convexity in which the then cylindrical segment termi-

nated at an early period. This change in the proportion of the several dimensions
of these plates begins to show itself very soon after the termination of pentacrinoid
life and, as in the case of the radials, there takes place concurrently with their

increase in size a gradual development of the prominences that give attachment to

muscles and ligaments, with a deepening of the cavities that lie between them,
as well as a progressive enlargement of the central canal.

The change in form which the IBr., undergo concurrently with their great
increase in size is scarcely less considerable than that of the IBr,, and the same

tendency is manifested to lateral and vertical augmentation rather than to

increase in radial length. The proximal face of the plate, which is apposed to

the distal face of the IBr,, rapidly increases both in width and depth, and comes

like it to present an expanded surface the ventral and dorsal margins of which

form the bases of triangles formed by the ventral and dorsal faces respectively.

The entire sides of these triangles now form the margins of those lateral surfaces

for the articulation of the first brachials, which in the earlier period were merely
a pair of facets somewhat inclined to each other on the distal extremity of the

segment; and these lateral articular faces, as they increase in proportional

dimensions, come also to present prominences and fossro similar to those that are

characteristic of the distal faces of the radials, which they nearly equal in size

as well as resemble in appearance. The central canal, with the branches into

which it bifurcates, is progressively enlarged by the internal resorption of its wall

as in the preceding cases.

In the later stages of pentacrinoid life the elements of the IBr series exhibit

an increase in all their dimensions without much departure from their original
form.

Each of the arms is terminated by a growing point of condensed sarcode in

which new brachials successively originate, a cribriform calcareous film being
first formed on the dorsal face and an ingrowth of fasciculated calcareous tissue

then taking place in such a manner as in the first instance to leave a deep groove
on the ventral face which is afterwards converted into a canal by the closing over

of its margins so that a transverse section at first resembles a horseshoe rather

than a ring.

As the skeleton of the arms increases in length the vascular structures are

prolonged, and new groups of tentacles are developed from the extensions, each
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of these consisting, as before, of a leanike expansion with three tentacles proceeding
from its base, of which one is much more extensile than the other two.

The sarcodic substance which unites the pieces of the skeleton now begins

to show a delicate fibrous texture at their adjacent extremities, but no separate

fibers are as yet to be distinguished.

During the later stages of pentacrinoid life the arms continue to increase in

length, both by the addition of new segments distally and by the growth of those

previously formed, and it is when they have attained the length of about 0.08

inch and consist of about 12 segments that we see the first indication of the develop-

ment of pinnules. This shows itself at the growing extremity, which now presents

a bifurcation, the two rami being in the first instance almost equal, and each tumifiecl

at its extremity by an accumulation of sarcode.

One of these rami grows faster than the other and soon assumes a direction

continuous with that of the axis of the arm, from which the other diverges at an

acute angle, so that the former comes to be the proper extension of the arm, while

the latter takes on the form of a pinnule. Soon, however, the growing point

again subdivides, two branches being formed, as previously, and while one of these

becomes a continuation of the arm the other is soon to be distinguished as a pinnule

given off from it on the side opposite to that of the first formed pinnule.

Thus the formation of the first pair of pinnules takes place in such a manner
that the extremity of the arm presents in the first instance an appearance of bifur-

cation, and then of trifurcation.

The new segments henceforth added to the extremities of the arms are all

pinnulate, the pinnules (the skeleton of which consists at this stage of six or eight

simple cylindrical segments) being developed alternately from one side and the

other, and being furnished with extensions of the tentaculiferous apparatus of the

arms.

Owing to the thickness and opacity of the cumulus of condensed sarcode in

which they originate, Carpenter was not able to speak with positiveness as to the

mode of formation of their calcareous skeleton, but he believes it to take place

rather after the manner of the ossicles of the column and dorsal cirri than after

that of the segments of the division series and arms; that is, to commence with a

complete ring which extends itself into a hollow cylinder rather than by a cribri-

form plate which wraps itself, so to speak, around the extension of the sarcodic

axis. It is remarkable that the basal portions of the arms, which had been de-

veloped previous to the first appearance of the terminal pinnules, remain destitute

of these appendages to the end of the pentacrinoid stage, except in the case of

the second segment, from which, on each arm, an oral pinnule is developed.

The connection of the brachials by distinct fibrous tissue is now clearly dis-

cernible, but this tissue corresponds rather with the ligamentous than with the

muscular tissue of the adult Antedon.

At the beginning of the free stage the segments which form the skeleton of

the free arms depart even less than the primibrachs from the simple type of con-

formation which they present at their first development, being still obviously
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composed of the original cribiform plate, which constitutes their convex dorsal

surface, with an ingrowth of fasciculated tissue which closes over the axial canal

and gives to the ventral aspect a flattened surface with a median groove. This

ingrowth is most abundant toward the extremities, where also the meshes of the

reticulation are smaller, so that these parts have a more solid character than the

rest.

We now begin to see that alternate inclination to one side and the other which

is so marked a feature in the articular extremities of the segments of the adult,

and we also notice that while these extremities are in close contact with one

another in the dorsal aspect, except where a small depression exists in each for

attachment of the articular ligament, the articular surfaces of the ventral face

slope away from each other so as to leave a considerable space for the lodgment
of the two muscular bundles which are now conspicuously interposed between

each pair of segments in the basal part of the arms, with certain exceptions.

These exceptions correspond to those which present themselves in the adult, though
the peculiarities of conformation which mark them are as yet but little pronounced.
Thus the adjacent .extremities of the first and second brachials present nearly the

same aspect on their ventral as on their dorsal face, no beveling being seen on the

articular surfaces of either, and they are connected by ligament only, no muscular

fibers being here distinguishable. Again, the adjacent articular surfaces of the

third and fourth brachials come into yet closer contact, not even a connecting liga-

ment being interposed, and the line of their junction being transverse instead of

oblique. This prefigures the peculiar syzygial union which shows itself between

these and other pairs of segments in the adult. Toward the extremities of the

arms we find the segments even more cylindrical, except where lateral processes

are given off for the articulation of the pinnules, and the terminal faces are simply

apposed to each other transversely without either the alternate obliquity or the

beveled articular surfaces of the basal segments, and precisely the same rudimental

condition of the segments presents itself as that which has been already described

as showing itself at an earlier period in their basal segments. Thus we may trace

in one and the same arm several successive stages of development of the pieces of

its skeleton, the most advanced proximal segments showing adumbrations of their

adult peculiarities, though not as yet departing in any considerable degree from
their simple primitive type.

Besides the brachials there are commonly found in the perisome of condensed

sarcode of the arms irregular branching spicules, which, like the orals, subsequently

\mdergo complete resorption so that no trace of them is discoverable in the adult.

The sacculi, which are quite colorless in life, after death are immediately
and strongly stained by the pigment liberated from the perisome.

The total number of segments in the fully developed pentacrinoid column
is subject to a considerable amount of variation. There may be as many as 24,

or as few as 16. The average may be considered as about 20.

The total length of the fully grown pentacrinoid from the base of the column
to the extremities of the arms when these are folded together may be about 0.7
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inch, that of the column alone being about 0.25 inch; when the arms are fully

expanded the diameter of their circle is about 0.5 inch.

In Antedon biftda no anterior ciliated ring has been mentioned by Busch,

Thomson, or Carpenter. It is not unlikely, therefore, that it is absent in this

species.

No observer has ever reported the presence of infrabasals, though Thomson's

examination was sufficiently thorough to enable him to detect the extremely minute

calcareous cylinders representing the first beginnings of the other calcareous plates.

ANTEDON MOEOCCANA.

Perrier's studies on the embryology and development of Antedon were based

upon larvae of Antedon moroccana sent to him by Prof. Camille Viguier from

Algiers, though he mentions, in passing, isolated observations on pentacrinoids of

Antedon bifida collected by himself at Roscoff.

So far as can be seen from Perrier's description the development of Antedon

moroccana does not differ essentially from that of A. adriatica as given by Seeliger.

Perrier appears to have been the first to notice that all the young of a given

mother are in the same developmental stage.

The youngest fixed larva which he observed measured 0.21 mm. in length and

0.13 mm. in breadth.

Perrier makes no mention of infrabasals, and it is quite possible that they are

absent from the young of this species, as well as from the young of the closely

related A. bifida, occurring only in the more primitive A. adriatica (five) and

A. mediterranea (three).

COMACTINIA MEEIDIONALIS.

In connection with Mr. Frank Springer's monograph on the Crinoidea Flexi-

bilia his assistant, Dr. Herrick E. Wilson, made a study of the development of

the digestive tube in the pentacrinoid larvse of Comactinia meridionalis.

He found that in the early prebrachial stage the alimentary canal consists

of a mouth, surrounded by a narrow lip from which the oral tentacles spring;

a short, broad, funnel-shaped esophagus; a horizontal portion distended trans-

versely, resembling the human stomach, into the larger end of which the esophagus

opens; and a slender intestine ending blindly which originates at the smaller left

end of the stomach, makes a half turn, and coils dextrally around it.

This simple alimentary system is loosely suspended in the ccelome by threads

and lamellae of connective tissue, and is in contact with the inner wall of the cup

only at the mouth and at the posterior end.

The intestine in its development has coiled dextrally around the stomach,
then turned obliquely upward toward the posterior interray, the upward turning

having commenced near the middle of the anterior border of the right posterior

basal, and ending in this stage with the formation of the anus slightly to the right

of the posterior interradial plane, on a level with the distal margins of the

incipient radials.
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The upward turn of the intestine, which appears in the posterior interray

of Antedon shortly after the appearance of the radianal, in this species does not

come to lie in the posterior interradius until a very much later stage in develop-

ment.

As the cup expands laterally and vertically the intestine also expands, but,

growing more rapidly than the calyx, soon fills the body cavity.

The radianal, formed previous to and just below the anus, is parallel to the

intestine at that point, and evidently very firmly attached to it, as is shown by
its subsequent migration.

The upward growth of the cup and the concomitant dextral growth of the

intestine carry the radianal and the arms upward and into the plane of the

posterior interradial, which, by reason of the retirement of the oral distalward, is

the path of least resistance.

When the portion of the intestine to which the radianal is attached comes to

lie in a vertical position along the plane of the posterior interray the radianal

is completely withdrawn from the radial and rests equally upon the truncated

distolateral margins of the posterior radials.

Its migration follows the upward and dextral growth of the intestine, which

does not bend sharply upward along the posterior interray. The radianal for a

considerable time holds closely to the right posterior radial, thus causing inhibition

of its lateral growth and its peculiar asymetrical development.

TROPIOMETRA MACRODISCU8.

A large series of embryos of this species, collected by Mr. Furusawa, were

sent by Professor Ijima to Mr. Frank Springer.

Eggs preserved from 1 to 2 hours after fertilization, which are purplish pink
in color, show the cleavage stages.

The stages between 18 and 96 hours (4 days), yellowish in color, are free-

swimming larvae.

The embryos of from 5 to 48 days, fading into colorless, show the earlier fixed

stages.

TROPIOMETRA PICTA.

At Tobago Doctor Mortensen found that the embryo of this species, which
has the same shape as the larva of Antedon, swims very actively for a period of

about three days, when it attaches itself; but if no suitable place of attachment
is found it may continue its free-swimming life, and in some cases it was found
not to attach itself until it was 8 days old.

The eggs of Tropiometra picta are extruded freely into the water instead

of being attached to the pinnules as in the case of Antedon.

ISOMETRA VIVIPARA.

Dr. Th. Mortensen writes that the larvae of this species are enveloped in

the egg membrane until they are ready to leave the marsupium. They have well-

developed ciliated bands. This leads Mortensen to believe that the free-swimming



MONOGRAPH OF THE EXISTING CEINOIDS. 511

stage is not entirely lacking, though it is probably very short, only long enough
to enable them to traverse the distance between the marsupium and the tips of the

cirri upturned between the arms to which they attach themselves.

Dr. K. A. Andersson states that the development of the embryos of this species

in all essentials agrees with that of the embryos of Antedon.

The immigration of the entoderm cells into the lumen of the gut begins much
earlier than in Antedon, for it has already commenced when the imagination of

the vestibule begins, and long before the development of the embryo is completed
the gut is crammed with them, and its wall is quite without definite cell borders,

passing uninterruptedly over into the inner mass, which is very rich in yolk.

In contrast to the usual conditions the vestibular invagination is deepest at

the anterior end, and its closure begins there.

In two cases Andersson found larvae in which the posterior end had coalesced

with the wall of the marsupium which separates it from the genital sinus. He

suggests that possibly this is to assure better nutrition of the embryos; but Mor-

tensen says that this condition, which he was unable to confirm, must be decidedly

abnormal, and that it can have nothing to do with the nutrition of the embryos.
When fully developed, in which condition they resemble the corresponding

stages of Antedon, the larvae leave the marsupium through its slitlike opening.
After their escape they apparently attach themselves immediately to the cirri

without passing through a true free-swimming stage.

Since the arms as well as the cirri are movable, Andersson suggests that such

iarvse as are intercepted by the arms or pinnules are transferred to the cirri.

NOTOCRINUS VIKILI8.

In this species, according to Doctor Mortensen, the eggs are from 0.2 mm. to

0.3 mm. in diameter.

As a number of ripe or nearly ripe eggs are found at the same time in the

ovary, while there are generally only one or two, rarely three embryos in each

marsupium, Mortensen believes that some of the eggs do not develop, but are

dissolved and possibly serve as nourishment for the embryos. In some cases he

found a yellow, coarsely granulated substance in the marsupia, without embryos,
which had the appearance of eggs in process of disintegration.

The embryos were found to be all at very nearly the same stage of develop-

ment. They are considerably larger than the embryos of any other crinoid, being

nearly 2 mm. in length. They possess no ciliated bands, and thus must be inca-

pable of swimming.
ABNORMAL EMBRYOS AND LARVAE.

Seeliger found that in some cases the first cleavage furrow divides the egg
into two cells, which are more or less markedly different in size. The second

furrow first divides the smaller, later the larger. The four-cell stage thus differs

from the normal in consisting of two larger and two smaller cells instead of

being composed of four of equal size. The third furrow is at right angles to the
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first and divides the four cells in such a way as to produce four larger and four

smaller daughter cells. In appearance the embryo now agrees entirely with the

normal eight-cell stage; but it has arisen through the appearance of what is

normally the third cleavage furrow in advance of the first and second.

Among perfectly formed blastulse of eight and a quarter hours Seeliger found

an embryo of very extraordinary structure. Its markedly elongated form called

attention to it at once. Further examination showed a very large number of cells

and two gastrulalike invaginations, the two blastopores being slitlike and almost

at right angles to each other, at the blind ends of which a number of mesenchyme
cells had been given off. Apart from the double invagination, development had

progressed twice as fast as normally, for the embryo had reached a stage similar

to that of embryos of 16 to 17 hours. Seeliger suggests that the condition of this

embryo may be explained through double fertilization.

On very many embryos of between 13 and 17 hours Seeliger found, usually

directly opposite the blastopore, though sometimes nearer it, a second invagination

just like the first, which extended inward as far as the blind end of the primitive

gut, in some cases even pushing this out of position. This second invagination
did not give rise to mesenchyme cells. The embryos themselves were of the

usual spherical form. At the 24-hour stage this second invagination had invariably

disappeared, and from that point onward the embryos developed normally to

free-swimming larvae.

Among 60-hour embryos of normal form Seeliger found a number which

were remarkable in that they possessed external tentacles, thus resembling that

described by Busch, except that the tentacles were shorter and stiffer. Some
retained the ciliated bands and swam about freely in the water, while others,

which had already lost the cilia, were picked up from the bottom of the vessel.

The intestinal canal was much more extensive than in the normal individuals and

was entirely filled with a mass of cells undergoing dissolution. The left ccelomic

sack was here the one which was asymmetrically developed. The branch uniting
the two horseshoe-shaped side pieces in the posterior section ventrally had pushed
itself in between the gut and hydroccele. The most striking point of departure
from the normal was the possession of ventral tentacles. The vestibular invagina-
tion here appeared as a shallow groove, on both borders of which the tentacles arose

as peglike structures. The hydrocojle had not yet closed into a complete ring;
on its ventral side there arose five groups of three evaginations each, of different

lengths; the longest of these filled the ectodermal tentacle evaginations, while the

shorter at most produced exteriorly insignificant nipplelike elevations between the

tentacles. The ectodermal covering of the evaginations of the hydroccele is com-

posed of a single layer of cells, prismatic in form, with the nuclei near the middle
or in the outer half.

Others of equal age, in which the ciliated bands had disappeared, had the gut
extended and balloonlike, but without the included mass of disintegrating cells;

into the lumen at various places pseudopodialike processes extended. It was only
on the ventral side, in the immediate vicinity of the vestibular groove, that the



MONOGRAPH OF THE EXISTING CRINOIDS. 513

ectoderm appeared as an epithelium sharply marked off interiorly; elsewhere it

was so intimately united with the mesenchyme that the two together formed a

uniform tissue. The coelomic sacs showed no noteworthy deviations from the nor-

mal. On the ventral side there were nine tentacles which showed the same structure

as those in the larvse just described. These nine tentacles represented the three

posterior groups of evaginations from the hydrocrele, the two anterior groups being
so slightly developed that the body surface on the left side appeared entirely

smooth, while that on the right side showed such small projections that they could

not appropriately be referred to as tentacles. Larvse such as these appear to be

incapable of further development.
Sir Wyville Thomson noticed that when the ova are liberally supplied with

fresh sea water and placed in a warm temperature the later stages of larval growth

are, as it were, hurried over, so that the free larvae scarcely attain their perfect

form before being distorted by the growing crinoid. In other instances, in colder

seasons and in a less favorable medium, the larvte reach a much higher degree of

independent development and retain for a longer period the larval form.

W. B. Carpenter remarked that the embryos when losing the power of locomo-

tion were frequently seen floating in such a manner that the incipient discoidal

base spread itself out (often in a stellate form) on the surface of the water, while

the column and body of the rudimentary pentacrinoid hung downward from this
;

and it sometimes happened that by the approximation of a number of individuals

in the same condition the stellate extensions of the disks became mutually adherent.

In a 48-hour larva Seeliger found six basal instead of the normal five
;
two of

the six were considerably smaller than the other four, and evidently together rep-

resented the normal fifth.

THE PENTACRINOID YOUNG.

COMISSIA LITTORALIS.

On one of the specimens of this species collected by the naturalists of the

Siboga on a reef near the anchorage off the Kawio and Kamboling Islands, Kar-

karalong group, on July 22-23, 1899, there were a number of pentacrinoids attached

to the cirri. The smallest of these has apparently just attained the erect position.

The others resemble very closely the pentacrinoids of Comactinia meridionalis.

One of them measures 2.2 mm. in total length, the crown being 0.6 mm. long.

The stem is composed of 13 columnals of which the first four are very short

and lenticular, the fifth nearly twice as long as broad, the sixth longer, and the

seventh and eighth the longest, nearly four times as long as broad.

The terminal stem plate is circular.

The radials are about the same size as the basals, approximately square with

rounded angles, just in apposition laterally. The IBrx and IBr.,, which are

extraordinarily narrow, are present.

The radianal lies on the left distal edge of the right posterior radial, which

is broadly cut away for its reception, though its left lateral angle almost reaches

the right lateral angle of the left posterior radial; the radianal reaches about

to the posterior interradial suture, and distally to just beyond the base of the
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The orals are rather narrow, with the tips somewhat produced; the proximal
border is approximately hemispherical, and the sides converge to a rounded tip; the

central portion is very slightly depressed.

The most developed specimen measures 3.5 mm. in total length, the crown

being 0.7 mm. long.

The stem is composed of 17 columnals and a terminal stem plate.

The first five columnals are very short and lenticular, the sixth slightly longer
than broad, the seventh longer than the sixth, and the eighth the longest, nearly
four times as long as broad

;
the following very slowly decrease in length distally ;

the columnals are cylindrical, with only slight traces of terminal enlargement.
The terminal stem plate is slightly lobate.

The basals are much reduced in size.

The radials are unusually large, approximately square with rounded angles,

and are in contact laterally through the slightly truncated lateral angles.

The large and conspicuous radianal, which is very broadly oval, almost cir-

cular, reaches nearly to the middle of the IBr
t distally and to the left as far

as half way between the posterior interradial suture and the base of the left

posterior IBr
t ;

the left distal edge of the right posterior radial is cut away in a

broad curve beneath it from the base of the IBr
t
to its junction with the left

posterior radial.

On the distal border of the radial circlet in each of the interradial angles
there lies a rhombic interradial which distally reaches to the level of the base

of the IB^; the posterior interradial (anal a;) is displaced to the left by the

radianal, so that it spans the distance between that plate and the left posterior IBr^
About three brachials are present, they and the IBr

2 being accompanied

by extremely narrow and delicate covering plates.

The IBr series and the brachials are unusually slender.

COMISSIA HARTMEYERI.

On the cirri of the eight specimens of this species collected at Erg Tor, Gulf
of Suez, by Dr. Robert Hartmeyer, were a number of pentacrinoids.

COMANTHUS WAHLBERGII.

On a specimen of this species in the British Museum from the Cape of Good

Hope I found attached to the cirri 13 pentacrinoids.

The columnals in these pentacrinoids number 17.

COMACTINIA MERIDIONALIS.

Fig. 941, p. 5-19, and part 1, figs. 408, 411, 412, p. 317; and pi. 4, fig. 548.

After the discovery of the pentacrinoids of the species of the genus Antedon
the stalked larvae of Comactinia meridonalis were the next to be reported. During
the residence of Prof. Louis Agassiz at Charleston, South Carolina, he collected

some specimens of this species on the cirri of which were growing pentacrinoirl
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young in various stages of development. In their
" Seaside Studies," published

in 1865, his son, Mr. Alexander Agassiz, and Mrs. Elizabeth Gary Agassiz men-

tioned this species for the first time and gave a rough sketch of the pentacrinoids.

Though the specimens still exist in the Museum of Comparative Zoology at

Cambridge, they have never been described.

On January 30, 1885, the Albatross dredged in 21 fathoms off the coast of

Yucatan a large number of the young of this species, to the cirri of which many
pentacrinoids were attached. Several years ago I examined these specimens super-

ficially, making notes of the more striking features, and laid them aside for

future study.
When Mr. Frank Springer was completing his monograph on the Crinoidea

Flexibilia I suggested to him that he take the material and study it in connection

with his work on the group. This he did, and with the assistance of Dr. Herrick

E. Wilson he prepared a description of these pentacrinoids which is so compre-
hensive and so detailed that all that is necessary here is to give a resume of

their results.

None of us, and none of those to whom we have shown the specimens, have

been able to detect any trace of infrabasals in this form.

There were in all 200 specimens of the larvse, which were found clinging to

the cirri of a number of young individuals. The crowns of the larger ones, the

stems of which pass upward between the arms of the foster parent, appear on the

ventral side of the latter as a circlet of closed or opened buds lying close down

upon the proximal pinnules.

These larvse show almost every stage from that of a nearly closed cup of

basals and orals, with faint incipient radials and a long tapering column, through
the development of anal, radial, interradial, and perisomic structures, arms, pin-

nules, and cirri, to the stages characterized by the diminution and ultimate resorp-

tion of the orals and interradials, and the loss of the column.

The very small pentacrinoids measuring from 0.31 mm. to 1.85 mm. in the

diameter of the calyx were attached to the cirri of the foster parent by the usual

form of primitive terminal stem plate.

The youngest larvse show a calyx composed almost exclusively of basals and

orals, the latter closed and standing quite erect, and a column with the segments

increasing in length distally.

Very small patches of calcareous reticulation consisting of a few spicules,

which are the beginnings of the radials, have appeared in the rhombic spaces
between the corners of the basals and orals

;
but in one of these spaces the radial

is wanting, and in its place there is a somewhat larger plate similar in composition
to the others, which is attached to the anal end of the intestine, now plainly visible

on the outer side of the calyx. This plate is the radianal, which now lies in the

position corresponding to that which the radials occupy in the other areas, at the

base of the area to be occupied by the right posterior ray.

The calcareous reticulation is so thin and translucent that by transmitted light

the complete alimentary system is plainly visible. It consists of the esophagus,
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stomach, and dextrally coiled intestine. The closure of the orals has compressed
the mouth of the esophagus so that its margin appears crenulate or folded.

There are two specimens in which this stage is distinctly shown. In the second

the orals, while of the same relative size as in the one just described, are slightly

parted, and the oral tentacles project between their summits, but have not yet
branched. As in the first, the radial of the right posterior ray has not appeared,
but its place is occupied by the radianal attached to the gut. Although the pro-

jecting tentacles make this specimen appear the more advanced, the radianal is

smaller than in the other one. The difference is due to the slight opening of the

orals, which stretches the mouth so that its border is without wrinkles.

In the next stage represented the right posterior radial has appeared, and
beneath it to the left is the rapidly enlarging radianal attached to the gut, which
is still visible through the thin reticulate plates of the body wall just below the

anal opening. The disparity in size between the two plates is important, as tend-

ing to confirm the antecedent appearance of the radianal and its status as an

independent element. The anal pore is here very distinct, and the intimate attach-

ment of the plate to the gut just below the opening is evident.

In the following stage the radials have notably increased in size, and above

them at the base of the tentacles may be seen two small disconnected plates which
are the beginnings of the IB^ and IBr 2 . The radianal is enlarged to a lesser

degree, and it lies to the left of the radial, which now begins to curve around it

toward the middle of the posterior basal. The gut has become concealed behind

the radianal except at the opening, which is visible at the apex of that plate.

In the next stage the radials have enlarged until they almost come into lateral

contact, except posteriorly. The elements of the IBr series have thickened and
become connected with the radial and with each other, the IBr2 being an axilliary
and covering the base of the tentacles, now three in number. The basals and
orals have become relatively smaller, owing to the superior growth of the radials.

The radianal is approximately on a level with the radial to the right of it, indent-

ing its left side and still touching the sloping shoulders of the posterior basal.

In the triangular spaces between the radials and orals small plates have appeared,
formed in the same manner as the other calyx plates, which are readily recognized
as interradials. The orals now exhibit rather distinct pores distally.

In the following stages the radials increase in size until they greatly exceed

the basals, which now form a low and nearly horizontal base. The interradials

are pushed upward through the meeting of the radials below them and increase

in number from one to five or six, in the posterior interradial area passing over

into the plates of the heavily plated integument which is extended upward into

a large conical protuberance now definitely constituting the anal tube. The gut
has continued to extend itself upward until its opening is now at the apex of

the conical projection rising far above the orals, which by the multiplication
of interbrachial plates are now being more and more separated from the dorsal

cup and are becoming relatively reduced in size. The radials have met and have
formed a closed ring. The arms have appeared, and rudimentary cirri have

appeared upon the proximal columnal. All the elements of the complete skeleton
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are now represented, with the exception of the pinnules. The orals form a low

pyramid, at the apex of which is the mouth. They have been reduced by rela-

tively one-third from their former size and have become separated from the

radials by the extension of a band of interradial plates, which tend gradually to

pass over into the perisomic plates. The tegmen thus is now approximately

comparable to that of Holopus, Ptilocrinus, and the young of Thaumatocrinus

renovatus as described by P. H. Carpenter.
From this point onward the resorption of the orals proceeds rapidly, and

concurrently there is seen a progressively increasing differentiation between the

interradials and the ventral integument, the perisomic plates of which become

gradually resorbed. This resorption also involves the radianal, which has now been

left far behind by the protruding anal tube and is actually as well as relatively

diminished in size. The same relative decrease is true of all the dorsal elements

of the calyx, which have leaned outward, approaching more and more a horizontal

position, so that now they collectively serve merely as a shallow saucer for the

support of the visceral mass.

The pentacrinoid is now almost ready to discard its column, the cirri having

developed to a length of 7 or 8 segments, with strong terminal claws. Pinnules

of considerable size have appeared. The ventral perisome, still further expanded,

is now studded with a multitude of indefinite plates from which the interradials

are well differentiated, though reduced in number and evidently in process of

resorption. The ambulacral grooves have appeared, traversing the disk from the

arms to the mouth and passing in between the orals, which are now reduced to

very small triangular plates. The anal tube has become still more conspicuous, and

rises high above the general level of the disk. The radianal is now entirely above

the radial circlet and no longer forms a part of the dorsal cup. The perisome at

this stage is covered with a sort of velvety coating in which the numerous small

plates are difficult to distinguish, and it is evidently on the verge of transformation

into the granular skin of the adult stage, from which all plates ventrally situated,

including interradials and radianal, have been completely resorbed. The radianal,

after being left far behind by the posterior end of the gut as the latter is carried

upward with the anal tube, is resorbed, together with the interradial plates from

which in the later stages it scarcely differs. The basals become transformed into

a rosette, just as do the basals of Antedon.

According to Mr. Springer the outstanding differences in the development of

this type from that of Antedon lie in the position, size, and much greater sweep
of migration of the radianal and in the prominence of the anal tube, both attesting

the great importance of the movements of the posterior portion of the intestinal

canal in inducing, or retarding, changes in the form and in the composition of

the calyx.
COMASTEKID PENTACRINOIDS.

At station 3809, off Honolulu, Hawaiian Islands, in 51 to 125 fathoms, the

Albatross dredged a number of pentacrinoids, some of which were attached to

a cirrus probably of a species of Comactiniinse.
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These pentacrinoids, which have about 14 columnals, are in general similar

to the pentacrinoids of Comactinia meridionalis.

No species of Comasteridae has heretofore been reported from the Hawaiian

Islands.

?LAM1'ROMETKA, SP.

A very interesting pentacrinoid collected by the Danish consul at Singapore,
Mr. Svend Gad, in 1907, can not with certainty be assigned to any one of the

numerous species of comatulids inhabiting that locality.

The column, with the distal portion missing, consists of 33 columnals, includ-

ing centrodorsal.

The centrodorsal is relatively high, its length being approximately equal

to that of the third and fourth columnals combined, or about three times that

of either of the two immediately following. In its distal third it suddenly

broadens, so that this portion extends outward beyond the parallel sides of the

more proximal portion like the flange on a car wheel, its outer border reaching
to a point almost directly beneath the distal border of the first cirrus segment
when the cirri are straightened out. The diameter of the distal third of the

centrodorsal is about one-third greater than that of the proximal two-thirds.

The second columnal is short and discoidal, about four times as broad as long,

and is equal in breadth to the proximal two-thirds of the centrodorsal. The

third is very slightly longer, and very slightly less broad. The fourth is a short

cylinder, about equal in width to the third, and about twice as broad as long.

The fifth is about one-third longer than broad and slightly constricted centrally.

The sixth is twice as long as broad, with a more prominent median constriction and

a narrow median raised girdle which shows a rounded profile. The next is similar,

but longer. The following are cylindrical, with somewhat abruptly enlarged

ends, and without a median girdle ; they increase slowly in length to the eighteenth

and following, which are about four and one-half times as long as the median

diameter. In the distal third of the column as preserved its diameter decreases

very gradually, so that the last segment is only about two-thirds as long as and

half as broad as the eighteenth.

There are four cirri present, which are of different lengths, radial in position,

directed upward and lying close to the sides of the calyx. The longest of these

reaches to just bej^ond the articulation between the IBr, and IBr2 . It is com-

posed of nine segments and a long slender and slightly curved terminal claw which

is almost as long as the two preceding segments combined
;
the first segment is

about as long as broad, the next is about one-third longer than broad, the follow-

ing six, which are slightly less in diameter than those preceding, are about as

long as broad, the antepenultimate is slightly longer than broad, and the penulti-

mate is about as long as broad. The last differs from the preceding in being tri-

angular instead of quadrilateral in side view, the proximal border sweeping in

a broad curve from its junction with the ventral border to the dorsal base of

the terminal claw
;
the angle formed between the ventral and the distal borders is
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a right angle; that between the distal border and the oblique curved proximal
border is well rounded, and projects slightly beyond the base of the terminal claw.

The cirrus segments are not constricted centrally, and there are no signs of dorsal

processes. Another cirrus with nine segments and a terminal claw reaches to

the distal two-thirds of the IBrj ;
a third with eight segments and a terminal claw

reaches to the middle of the IBr
x ; and the fourth, with about eight short segments

and a terminal claw, reaches to the distal end of the radial in the median line.

The fifth cirrus is lacking. The longest cirrus is the left anterior, and the shortest

the right posterior.

From the character of the cirri the identification of this pentacrinoid with

any of the comatulids inhabiting the vicinity of Singapore, with the exception
of Comatula Solaris, C. pectinata, Heterometra guinduplicava, Stephanometra

spicata, S. monacantha, and Lamprometra protectus, would appear to be excluded.

Judging from what little we know of the pentacrinoids of the species of

Comasteridaj the length and slenderness of the column and the relatively large

number of columnals would seem to indicate that this specimen can not be the

young either of Comatula solans or of C. pectinata.

The sides of the calyx to the distal borders of the radials are approximately

straight, and diverge from the centrodorsal at an angle of nearly 90.

The presence of infrabasals can not be determined
;
but at this stage, if present,

they would probably be united with and concealed by the centrodorsal.

The basals are very prominent and are about equal in length to the radials.

The latter are broadly united all around the calyx, their apposed sides being
of about the same length as those of the basals.

The radianal is very large and conspicuous and is entirely excluded from the

radial circlet, though the radials subjacent are still separated by a long and very
narrow V

;
its base, semicircular in outline, runs along the distal third of the lateral

borders of the radials and entirely spans the distance between the bases of the

IBr! on either side. The lateral borders are slightly convex, the right more so

than the left, and converge slightly so that the distal edge, which is almost straight
and horizontal and is on a level with the articulation between the elements of

the IBr series, is only about two-thirds as long as the base. The reticulation in a

transversely oval area coterminous with the proximal border and extending distally

for about one-third the length of the plate is much finer than elsewhere. The
distal border is more or less rough and denticulate. The plate exhibits no evidence

of resorption.

Except for the radianal there are no plates in the interradial areas between

the orals and the circlet of radials. On the basis of our present knowledge this

would seem to indicate that this specimen can not belong to any of the species of

Comasteridte.

The orals are about as long as the radianal, but narrower, with a less regular
outline. They appear to be deeply dentate distally and deeply depressed in the

middle. It is not possible to determine these features satisfactorily, as they are

more or less concealed by the arm bases.

142140 21 Bull. 82 35
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The IBrj and IBr., are about equal in length, very narrow, and of the usual

shape. The width of the base of the IBr, is about half that of the distal border

of the radial.

The arms consist of about 17 brachials, each with an ambulacral lappet, a

group of tentacles, and a sacculus. Very long slender pinnules are developed on
the eleventh or twelfth and following brachials.

The total length is about 13 mm.
;
the crown (with the arms) measures 3 mm.

So far as we are able to judge, this pentacrinoid is the young of Heterometra

quinduplicava, Stephanometra spicata, S. monacantha, or Lamprometra protectus.
As the last is by far the commonest of the four, it is probably to this species that

the pentacrinoid should be referred.

TROPIOMETRA PICTA.

During a visit to the island of Tobago, British West Indies, in March and

April, 1916, Dr. Th. Mortensen obtained a large series of the larvae of this species.

He writes me that he hopes to complete his report upon them in the near future.

So hardy were these little pentacrinoicls that Doctor Mortensen was able to

bring a number of them living to New York.

PTILOMETRA MULLERI.

Figs. 939, p. 549, and 122S, 1229, 1230, pi. 37.

In February, 1898, the Australian steamer Thetis dredged off Manning River,

New South Wales, in 22 fathoms, a large number of pentacrinoids of this species

which were attached to the pinnules of young individuals.

This is the only case yet recorded of the attachment of pentacrinoids to the

pinnules and not to the cirri of larger specimens. Attachment to partially grown
individuals in preference to adults is duplicated in the case of the pentacrinoids
of Comactinia nieridiondlis from Yucatan.

Dr. H. L. Clark has described these pentacrinoids. He says :

The youngest stage observed has a short, rather fleshy stalk, with a large attaching disk

at one end and the somewhat ellipsoidal body at the other. At this stage the joints of the

stalk appear as more or less discoidal plates, while the body wall contains 10 large plates 5

orals and 5 basals. No radial plates are visible.

In a specimen a trifle older the radials have arisen in the space bounded by two oral and

two basal plates, and the stem joints are not so discoidal.

At a still later stage the radials are conspicuous, though the orals and basals are equally

prominent, the first costal [IBn] and the costal axillary [IBr2 ] appear as rather elongated

plates, and the arms consist of two or three joints; the stem, which is relatively far more
slender than at the earlier stage, consists of 10-12 joints, of which the middle ones are longer
than wide and are encircled at the mid-zone by a conspicuous ridge, a possible Indication of

a circle of cirri in some ancestral form. A similar ridge occurs on the stem joints of Meta-

crinus cingulatus (and other species of the genus), where it appears to be purely ornamental. 1

1 The conspicuous ridge encircling the columnals at the mid-zone is, of course, the outer edge of the

primitive median annulus, and has no relation whatever to the ridges on the columnals of Metacrinus.
Cirri are formed on the outer ends of canals which, extending from the central organ outward, pierce the

secondary deposit of calcareous substance in the nodals or in the centrodorsal. It would be quite impos-
sible for them to occur on the periphery of the median annulus.
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The older stages have the stem and attaching disk of approximately the same actual size

as earlier, and therefore relatively much smaller. The stem joints have lost the encircling

ridge and are practically smooth ; the basals are relatively small, but the orals are still con-

spicuous; the cirri have begun to appear on the margin of the centrodorsal ; they have a variable

number of joints, of course, and are very erect, parallel with the arms; the latter have elongated

and the brachials are well defined. No syzygies are to be found, but the third and fourth

plates appear to be somewhat closer together than the others.

One of the figures given by Wright in illustrating the type of Kallispongia

archeri, described by him as a new genus and species of sponge, probably repre-

sents a pentacrinoid of this species.

Three pentacrinoids of this species at hand from off Manning River, New
South Wales, in 22 fathoms, are extremely young, the ends of the crescents from

which the columnals are built up apparently having just joined on the ventral side.

The short and very stout column consists of 10-12 columnals, which are little

more than the primitive annuli, and a broad ring-shaped terminal stem plate

nearly three times the diameter of the column which occupies the center of a

large fleshy disk.

At the top of the stem there is very clearly to be seen a circlet of rounded

infrabasals, apparently five in number, which are quite distinct both from the

topmost columnal and from the basals.

The basals have very broadly rounded angles.

The orals are rather narrow, with the distal portion rather strongly incurved.

Their edges are not everted nor modified in any way.

CROTALOMETRA PORRECTA.

Figs. 1207-1209, pi. 34.

On April 3, 1876, near Ascension Island (lat. 7 r>4' 20" S., long. 14 28'

20" W.) the Challenf/er dredged in 420 fathoms three pentacrinoids, which Car-

penter determined as belonging to Thalassometra multispina, for the reason that

this was the only 10-armed species found at this station. But the fact that the

pentacrinoids had 10 arms only is no evidence that they are not the young of a

multibrachiate species, since increase in the number of arms does not occur until

long after the larval column has been discarded. This, however, Carpenter did

not know.

I am inclined to regard these pentacrinoids as the young of Crotctlometra

porrecta for the following reasons:

Carpenter says that "they are relatively much larger and more robust than
the corresponding stages of any other species which I have seen, with the exception
of" Heliometra glacialis. Now ThaJassometra multispixa is a rather small species,
with arms only 50 mm. long, and it is unlikely that it would be characterized by
exceptionally stout larvae, while ('roUilotn.ctrn. />orrecta is a large and massive type,
with arms 150 mm. long, and would naturally be supposed to have larvae more com-

parable in size to those of Heliometra ylacialis.
'
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Carpenter states that " the spines of the cirri are present from the first, but

those on the calyx, arms, and pinnules do not appear till after the pentacrinoid

stage." This indicates that the ossicles of these pentacrinoids are smooth. But so

far as we know the development of spines in the comatulids is always much more
marked in the very young than in the adults, the spinosity becoming less and less

conspicuous and often disappearing altogether in later life. As these pentacrinoids
bear no spines it is almost certain that the species of which they are the young
is also devoid of spines.

The extraordinary stout cirri are obviously more like those of Crotalometra

porrecta than like those of Thalassometra multispina. Bearing in mind that the

relative length of the cirrus segments always decreases with age. it is evident that

it would be difficult to derive the long segmented cirri of Thalassometra multispina
from the relatively short segmented cirri of these pentacrinoids, while the cirri of

Crotalometra porrecta are very easily derived from them by the simple addition

of segments distally, plus the shortening of the segments which always accompanies
increase in size.

Thus there seems to me to be no doubt that these pentacrinoids are the young
of Crotalometra porrecta and not of Thalassometra multispina, as supposed by
Carpenter.

As noted by Carpenter, the youngest of these pentacrinoids is remarkable for

the shortness of the column, which has only 14 segments, including the centrodorsal,

and terminates in a large and expanded terminal stem plate. His figure shows a

pentacrinoid 7.5 mm. long, the crown measuring 3.5 mm. and the column 4 mm.
The centrodorsal is a thin plate but little larger than the columnals below it,

and the rudiments of three radial cirri have appeared upon it, the position of

the other two being indicated by imperfect sockets. There are three similar very
short discoidal segments beneath the centrodorsal, and the longest columnals (the

seventh-ninth from the centrodorsal) are scarcely more than twice as long as broad.

The basals are very short, while the radials have almost attained the perfected

form. The elements of the IBr series are so broad as to be just in lateral contact

when the arms are closed. There are 12 or 13 brachials, but no pinnules. Very

large and conspicuous covering plates, which are supported by imperfect side

plates, are present.

In the next stage, in which the crown is 5.8 mm. long, the first pinnules have

appeared on the eleventh or twelfth brachials and are provided with large covering
and side plates. The five radial cirri which were first formed are well developed,
so far as can be judged from their basal segments, which are all that remain, while

there are one or two slight indications of the second whorl of cirri, the positions
of which alternate with those of the first. The centrodorsal has increased consid-

erably in thickness, as have also the segments below it, which have similar reenter-

ing angles, just as is the case in the infranodals in the column of the pentacrinites.

In the oldest larva the basals are concealed by the centrodorsal, which has now
reached a considerable size, with the second whorl of cirri well developed and even
traces of a third, while there is only one discoidal segment below it.
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OLTFTOMETRA TUBERO8A.

Fig. 1211, pi. 34.

On January 25, 1875, while in the Philippine Archipelago off Panglao and

Siquijor (lat. 9 26' N., long. 123 45' E.) the Challenger dredged in 375 fathoms a

single young pentacrinoid, which Carpenter identified as belonging to Glyptometra

tuberosa, captured at the same station.

The total length of the pentacrinoid is 6 mm., of which the column represents

about 4.2 mm.
There are 13 columnals, including the centrodorsal but not the terminal stem

plate. Only the centrodorsal and the segment immediately below it are broader

than long. The eighth-ninth, which are the longest, are greatly elongated. There

are no indications of cirri.

The calyx is conical and rather narrow, the sides diverging, in approximately

a straight line, from the centrodorsal at an angle of about 60.

The basals and radials are of about the same height, and their lateral borders

are united for about the same distance.

The IBrj and IBr2
are elongated and very narrow. The IB^ occupies the

median third of the radial. There are about six brachials, which carry large

and conspicuous covering plates.

The larva is a trifle more robust than the corresponding stage in Antedon

bifida.

ANTEDON PETA8TTS.

Fig. 1355, pi. 56.

In January, 1910, Doctor Mortensen found attached to a Balanus on a valve

of a Pecten maximum at Kristineberg, Fiskebackskil, Sweden, a single pentacrinoid

of Antedon petasus.

The crown of this specimen measures 2 mm. and the column about 4 mm.

in length. Both the first pinnules and the cirri are present, having apparently

arisen contemporaneously.
The column consists of 27 segments, of which the 9 proximal are short, and the

2 nearest the calyx conspicuously broader than the others. The fully formed

columnals are hourglass-shaped, widened at the ends in the usual way, the long

axes of the articular surfaces of each at right angles to each other. There is no

trace of the median annulus. They are rather short, 0.3 mm. long by 0.1 mm. wide.

Distally the columnals become gradually shorter. The terminal stem plate is

only slightly lobed.

There are no infrabasals. This I can confirm personally, for Doctor Mortensen

was so kind as to allow me to study the specimen in his laboratory at Copenhagen.
The calyx exhibits no distinctive characters.

The orals resemble those of Antedon bifida.

The first pinnules are on the eleventh or twelfth brachials.

The cirri are radial in position.
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ANTEDON BiriDA.

Figs. 1191-1193, pi. 30; 1195, pi. 31; 1201-1203, pi. 32; and 1204-1206, pi. 33.

The pentacrinoids of this species in their later stages have already been

described, and the earlier stages are considered in the section dealing with

embryology and development (p. 502). It will be sufficient here to recall the

following facts:

The total length of the fully grown pentacrinoids from the base of the column

to the extremities of the arms when these are folded together is 0,7 inch; the

column alone measures 0.25 inch
;
when the arms are fully expanded the diameter

of their circle is about 0.5 inch.

There appear to be no infrabasals.

The columnals number 16-27, averaging about 20.

Prof. Michael Sars, who described the pentacrinoid of Hathronietra sarsii,

was never able to secure pentacrinoids of Antedon petasus with which to compare

them, but through friends he obtained 17 specimens of the pentacrinoids of Antedon

bifida from Belfast, Ireland, and from the Firth of Clyde, of which he gave a

description for purposes of comparison with the pentacrinoids of II. sarsii.

The most developed of these pentacrinoids of Antedon bifida was 10 mm.

long; the column, composed of 16 segments, measured 4.25 mm. In three others

of approximately the same size the stem was composed of 16, 21, and 27 segments

In one of these three, of which the length was also 10 mm., and in which the column

was relatively longer than in the others, being nearly 8 mm. long and consisting

of 27 segments, the crown, which scarcely exceeded 2 mm. in length, was only

slightly developed, the arms being without pinnules and the centrodorsal without

cirri.

The specimens in which the arms are the most developed and possess two or

three pairs of pinnules near the distal extremity have the centrodorsal with 5, 7,

or 9 cirri of different sizes; in one it bears a little tubercle, indicating the

beginnings of a tenth cirrus.

The five primary cirri are, as stated by W. B. Carpenter, situated interradially.

P
t begins to develop when the rest of the arm has only two or three pairs

of pinnules near its distal end.

In one of the largest individuals the periphery of the terminal stem plate

shows some very short digitiform prolongations as in the pentacrinoid of Hathro-

metra sarsii.

While in the case of Antedon bifida very often several pentacrinoids may
grow so closely together that they appear to arise from a common base, this never

happens in H. sarsii.

Professor Sars thus summarizes the difference between the pentacrinoids of

Antedon bifida and those of Hathrometra sarsii.

Though when adult Hathrometra sarsii is no larger than Antedon bifida its

pentacrinoid young is very much larger, being from three to four times as long.

The column is relatively much longer, but the arms are shorter.
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The column of the pentacrinoids of H. sarsii is composed of usually about

40 (in some cases as many as 44, or even 49) segments. In A. bifida the number

varies between 16 and 27, averaging about 20.

The terminal stem plate in H. sarsii is provided with long digitiform pro-

longations. In A. bifida it is circular or lobate and only very rarely shows short

and broad processes. Sars suggests that the characteristics of the terminal stem

plate of H. sarsii are necessitated by the large size of the larvae.

At the time of detachment from the larval column H. sarsii is much farther

advanced than A. bifida. There is a much greater number of pinnules, which

occur all along the arm, and the centrodorsal bears a very much larger number

of cirri.

H. sarsii breaks away from the larval column from the end of March to May,
while A. bifida becomes detached between the middle of August and the middle

of September.
Sars' youngest pentacrinoids were taken at the beginning of July and his

oldest in March, April, and May, together with young free living individuals

which evidently had just become detached, and which were no larger nor in any

way more developed than the oldest of the pentacrinoids. Some of them were

even less developed than the latter.

Sars found eggs in the pinnules of H. sarsii in June. Assuming that the sexual

products are developed in the early summer and at no other season (which, however,
is not established), it would seem that the development of the pentacrinoids of this

species takes place much more slowly than that of the pentacrinoids of Antedon,

occupying almost an entire year.

Regarding the pentacrinoids of Antedon bifida, J. V. Thompson says that they

possess the power of bending or inclining the column freely in every direction,

and, what is more remarkable, of twisting it up into a short spiral, and that

with a considerable degree of vivacity a kind of movement that has not been

noticed except in Vorticella. He speaks of the arms as at one time spreading
outward like the petals of a flower, at another rolled inward like an expanding
bud.

Allman said that his specimen, in the "
prebrachial stage," was very irritable,

and on the slightest annoyance the tentacles were suddenly withdrawn and the

valvelike plates of the pyramidal roof instantly closed down over them. In

this retracted state it might remain for a long time, wearying the patience of

the observer, who might have to wait for hours together before he could again
obtain a satisfactory display of its structure.

J. V. Thompson stated that from observations repeatedly made he thought
it most probable that the comatulids attain their full growth in one year, so

as to be in a condition to propagate their kind the summer following that of their

birth.

At that time (viz.. May and June) these full-grown individuals have the membraneous expan-
sion inside each of the pinnae considerably extended, at least as far as the fifteenth or

twentieth pair. These, which are the matrices or conceptacula, at length show themselves
distended with the ova which in July, and even earlier, make their exit through a round
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aperture on the fascial side of each conceptaeulum, still, however, adhering together in a

roundish cluster of about 100 each, by means of the extension and connection of their umbilical

cords. By what means these ova are dispersed, or how they become attached to the stems and

branches of corallines, remain to be discovered ; but it is strongly to be suspected that the

animal Is gifted with the power of placing them in appropriate situations; otherwise we

should find them indiscriminately on fuel, shells, stones, etc., which does not appear to be the

case.

He also remarked that the great abundance of comatulids in the places they

inhabit is not to be wondered at when we are aware how exceedingly prolific they

are; thus each arm may be estimated to bear 30 fruitful conceptacles, each pro-

ducing about 100 ova, and, as there are 10 such, this gives 30,000 as the amount

of ova produced by a single individual.

According to J. V. Thompson and Sir Wyville Thomson, the casting off of

the stalk takes place not before the middle of August and usually not later than

the middle of September. Since Sir Wyville determined the maturity of the eggs

as occurring at the end of May or the beginning of June, the duration of the

stalked life is from two and a half to four months.

W. B. Carpenter states that the larvae detach themselves from the stalk

after a developmental period of from five to six months. When detached they

are far from mature, acquiring maturity at the earliest in the following summer.

He says that the full-sized animals are probably several years old.

Sir Wyville Thomson noticed that the larvae sometimes remain free swimming
for many days, and Busch kept larvae for a considerable time without their

becoming attached.

ANTEDON MOROCCANA.

Though the pentacrinoids of this species have been studied in great detail

by Perrier, as he did not distinguish between this form and Antedon bifida and

A. mediterranca it is impossible to say to which of the three his remarks apply.

I saw many of these pentacrinoids from Algiers in the Paris Museum, but I had

no time to study them in detail.

Perrier writes that the larvae of the comatulids live during the greater part

of their development either adhering to the pinnules of the mother or fixed to

submerged bodies, such as algae, bryozoans, hydroids, the tubes of annelids, etc.

This may refer in part to the young of A. moroccana, since the young of none

of the other species of Antedon have as yet been found upon the parent.

ANTEDON MEDITERRANEA.

Figs. 1337-1340, pi. 51.

Chadwick's account (1907) of the development of Antedon bifida and his

figures are based upon this species, his material having come from Naples.

The pentacrinoids of Antedon mediterranea agree in almost all particulars

with those of Antedon bifida, but they appear to be slightly less robust, with

slightly longer columnals.

There are usually three infrabasals.

The columnals number 13-15.
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Bury gives the length of the free-swimming larval life as about 12 hours.

Barrois states that the embryo usually remains inclosed in its membrane and

attached to the pinnule of the parent until the sixth or seventh day, and that the

majority are not freed until the seventh day, though in this respect they are

subject to considerable variations. Elsewhere he says that the duration of the

development of the larvae is seven days of 24 hours each.

He also noticed that many larvae continued for a considerable time without

fixation and then underwent abnormal development.

ANTEDON ADRIATICA.

The pentacrinoids of this species are almost identical with those of Antedon

mediterranea.

There are usually five infrabasals.

The columnals number 13-18.

COMPSOMETRA SERRATA.

While staying at Misaki, Japan, Doctor Mortensen was so fortunate as to

obtain a large series of the pentacrinoids of this species, upon which he is now

working.

Up to the time of Mortensen's visit to Japan Compsometra serrata was known

from only two specimens, both taken in the same dredge haul by Mr. Alan Owston.

COMPSOMETRA LOVENI.

Part 1, fig. 410, p. 317.

There are at hand, attached to a small piece of seaweed from Port Jackson,

New South Wales, four very young pentacrinoids of this species, in none of which

the radial structures have as yet appeared.

The length of the most developed is 2 mm.
The column is composed of 14 columnals, with in all cases an irregularly

lobate terminal stem plate, which is rather large. The first four columnals are

very short, lenticular, the first the shortest. The following increase in length

to the seventh-eleventh, which are about three times as long as broad, with the

median annulus very prominent; the distalmost become shorter again.

The basal cup is broader than high, with the profile strongly rounded.

The orals are about as long as the basals, with the distal portion strongly

incurved. In the proximal half the sides are parallel; in the distal half the

outline is semicircular. The central portion, a triangular region with the proximal

border as a base, is depressed, the lateral areas beyond curving rather strongly

outward.

In the smallest specimen the orals, which are narrow, are only slightly

depressed in the middle, the eversion of the sides having only begun.

Judging from the figures given by Wright of his new genus and species

of sponge, Kallfepongia archfri, it was based chiefly upon a pentacrinoid of

this species.
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LEFTOMETRA CELTICA.

Fig. 1212, pi. 34.

P. H. Carpenter recorded that the Porcupine, dredging in 220 fathoms off

Cape Mondego, Portugal, in 1870, yielded a single larva of this species in which

the radials have not as yet appeared. He noted that it did not differ in any

important respect from the corresponding stage in the larva of Antedon bifida,

but the column is a trifle less robust as compared with the size of the head, and

the five sacculi, which are so constant in the Antedon larva (one between the bases

of every two oral plates) do not appear to be present.

The figure shows 13 columnals, a circular terminal stem plate, and orals with

considerable more eversion of the lateral edges than occurs in Antedon.

LEPTOMETKA PHALANGIUM.

Lo Bianco states that the pentacrinoid young of this species are found on

the cirri of the adults in June and September at Naples. There is no further

reference to them.

ISOMETRA VIVIPARA.

Both K. A. Andersson and Th. Mortensen have published notices of the penta-
crinoids of this species; neither has described them in detail, though the latter

will do so shortly.

Among 11 sexually mature females examined by him, Andersson found 7 with

stalked young on the cirri.

The cirri to which the young are attached are more developed than the others,

consisting of usually 34 or 3o, seldom of as few as 31, segments, and are directed

upward between the arms, while the other cirri, curving downward as usual, are

composed of only 27-29 segments.
The young are always attached near the tips of these longer erect cirri, and

always within a sector from 2 mm. to 3 mm. in length.

One female carried no fewer than 99 young distributed on 8 cirri, which bore

30, 24, 17, 12, 9, 4, 2, and 1, respectively. Another had 40 young distributed on 6

cirri. All the stages between the oldest and larvae just attached are represented.

The largest pentacrinoids present are 15 mm. long, the crown being 4 mm.
in length. The pinnules are in process of formation, but no cirri have as yet

appeared. The terminal stem plate is in the form of a disk which is wrapped
about the cirrus.

Some of the small pentacrinoids are on the stems of the larger ones.

HELIOMETRA GLACIALIS.

Figs. 1215, pi. 34, 1226, pi. 37, nnd 1354, pi. 56.

Doctor Danielssen records that the Norwegian North Sea Expedition secured

a pentacrinoid of this species in latitude 80 03' N., longitude 8 28' E., at a depth
of 260 fathoms, on August 14, 1878.
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While at Bergen I examined several additional pentacrinoids secured by the

same expedition but not recorded in the published results. Two of these, one of

which is mounted on a slide, were taken on August 6, 1876, in latitude 64 36' N.,

longitude 10 22' E., at a depth of 299 fathoms. There is no trace of cirri, and,

so far as can be determined, infrabasals appear to be absent.

Another was dredged at Station 74 in August, 1876, at a depth of 612 fathoms.

There are about a dozen cirri, a pair, side by side, in each radial area, and one or

two additional.

Two, one of which is mounted on a slide, were found on July 22, 1878, at

latitude 74 54' N., longitude 14 53' E., in 658 fathoms. One of these is rather

stout in all its parts. There are 5 cirri, the largest with 15 segments. The

columnals are about 40 in number. In the distal portion of the column radicular

cirri and extra attachments are present, as described by Sars in Hathrometra sarsii.

The arms of a pentacrinoid of this species at a stage when three or four

pinnules are present show large side and covering plates, as described by Mortensen.

The Danish steamer Dijmphna secured a single pentacrinoid of this species in

the Kara Sea (fig. 1226, pi. 37) which measured 21 mm. in length, the crown being

7 mm. and the column 14 mm. long.

The column consisted of 37 segments and terminated in a strongly digitiform

terminal stem plate, recalling the same structure in Hathrometra sarsii. The

proximal columnals are short and discoidal. In the figure four are shown of this

type, including the centrodorsal, which decrease rather rapidly in diameter. The

following 12 are markedly swollen, especially the first six of these, their sides being

strongly convex in lateral view. In the distal six the swelling is confined to a

median zone, which appears as a narrow transverse band in lateral view. The

succeeding six are approximately cylindrical, or slightly broadened at the ends.

On the following six the sides are markedly concave in lateral view. Most of the

segments are provided with fairly regular parallel rows of small protuberances,

the regular arrangement of which is interrupted at the median transverse zone and

at the ends of the segments, which have concave sides. The oldest (distalmost)

columnals are quite without a regular arrangement of the small protuberances,

and the narrow median zone, representing the primitive annulus, has disappeared.

The basals are still evident.

According to the figure given by Levinsen five cirri, which reach to the first

brachials, are present.

On the distal portion of the arms a number of pinnules are present, the lowest

being on the thirteenth or fourteenth brachials.

Doctor Mortensen has described two pentacrinoids of Heliometra glacioMs from

Spitzbergen, one of which is in the Zoological Institute of Upsala and the other in

the Stockholm Museum.
In the specimen at Stockholm (pi. 56, fig. 1354) the first pinnules and the

cirri have appeared. The crown is 5 mm. in length, and the column, in which 35

segments remain, but from which probably about 10 of the distal are lacking,

is 20 mm.
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The calyx agrees with that of Hathrometra sarsii in the corresponding stage,

the IBr series having become rather broad and the orals having become widely

separated from the radials.

The orals are of the same shape as those of Hathrometra prolixa.

There are no infrabasals.

The cirri are radial in position and evidently have appeared serially.

The first pinnules appear on the twelfth or thirteenth brachials.

The three proximal columnals are conspicuously wider than the rest. These

and the two following are quite short. In the sixth the portion below the median

annulus has begun to lengthen, the length of the columnals increasing from this

point distally. The median annulus is very conspicuous in the more proximal

segments, these being distinctly wider in the middle than at the ends. In the

fully formed segments where the ends are expanded the median portion is still

somewhat prominent.
In the specimen at Upsala, which is attached to a cirrus, the pinnules have not

yet appeared. The calyx measures 2 mm. and the column 5 mm. in length.

The orals are still in contact with the radials and are of the same shape
as those of Hathrometra prolixa.

The proximal columnals are only slightly broader than those beyond.
Mortensen notes that the length of the column is so different from that of

the other specimen and from that in the specimen recorded by Levinsen (which
had a column 14 mm. long) that it seems scarcely credible that it could reach

a simlar length in a corresponding stage.

Dr. K. A. Andersson states that one of the specimens subsequently described

by Doctor Mortensen was found attached to the cirri of an adult.

PKOMACHOCRINU8 KERGUELENSIS.

Figs. SS1-937, pp. 533, 538, 541, 545, 549.

A large series of the pentacrinoids of Promachocrinus kerguelensis is at

hand, which forms part of the crinoidal material collected by the naturalists

of the German South Polar Expedition in the vicinity of Gaussberg in 1902-03.

The pentacrinoids brought back by the Gauss were captured at all seasons

of the year. The dates on which the various developmental stages were found

are as follows :

Least developed specimens, with no radial structures: February 7, 8; Novem-
ber 9, 22, 24.

Specimens showing the development of radial structures: January 12, 28;

February 7, 15
;
December 26.

Specimens with the radials showing considerable growth : April 14.

Specimens with IB^ just appearing: November 9.

Specimens with the radials not quite in contact: January 12; August 12.

Specimens with the radials just in contact: January 28; February 7, 8;

April 17; June 25; July 31; November 9.
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Specimens with the radials about two-thirds as large as the basals: April 10.

Specimens with the radials nearly as large as the basals: September 1;

November 9.

Specimens with the radials just in contact in the posterior interradius:

January 12, September 1, November 9.

Specimens with 12 brachials : June 25.

Specimens showing the first appearance of interradials : September 1.

Specimens with the interradials half as large as the radials; January 30,

November 9.

A specimen nearly ready to discard the column : June 14.

Expressing the same facts in another way, on the following dates the develop-

mental stages listed were found :

January 12: (1) Specimens showing the beginnings of the radial structures;

(2) with the radials not quite in contact; and (3) with the radials just uniting

across the posterior interradius.

January 28: (1) Specimens showing the beginnings of the radial structures,

and (2) with the radials just in contact.

January 30 : ( 1 ) Specimens with the interradials half as large as the radials.

February 7: (1) Specimens with the radial structures as yet undeveloped:

(2) showing the beginnings of the radial structures; and (3) with the radials

just in contact.

February 8 : (
1

) Specimens with the radial structures as yet undeveloped,
and (2) with the radials just in contact.

February 15: (1) Specimens showing the beginnings of the radial structures.

April 10: (1) Specimens with the radials about two-thirds as large as the

basals.

April 14: (1) Specimens with the radials showing considerable growth.

April 17: (1) Specimens with the radials just in contact.

June 14: (1) An apparently fully grown pentacrinoid.

June 25: (1) Specimens with the radials just in contact, and (2) a specimen
with 12 brachials.

July 31 : (1) Specimens with the radials just in contact.

August 12 :
(
1 ) Specimens with the radials not quite in contact.

September 1 :
(
1

) Specimens with the radials nearly as large as the basals,

(2) with the radials just uniting across the posterior interradius, and (3) showing
the first appearance of interradials.

November 9: (1) Specimens with the radial structures as yet undeveloped;
(2) with the radials not quite in contact; (3) with the radials just in contact; (4)
with the radials nearly as large as the basals; (5) with radials just uniting
across the posterior interradius; and (6) with the interradials half as large as the

radials.

November 22: (1) Specimens with the radial structures as yet undeveloped.
November 24: (1) Specimens with the radial structures as yet undeveloped.
December 26: (1) Specimens showing the beginnings of the radial structures.
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According to the preceding data, we appear to be justified in concluding
that Promachocrinus kerguelemis spawns in the spring and reaches the end

of the c_ystid or prebrachial stage (indicated by the incipient and actual for-

mation of radial structures) in November-February that is to say, in midsummer.

Although_ so far as I am aware, no quantitative information is available, this

season, being the season of maximum illumination, must be the season of the

maximum abundance of the diatom flora and of the associated floras and faunas.

By April the radials show considerable growth, and in the following November
the IBrj appear.

One year after the first appearance of the radial structures the radials form

a complete circlet about the calyx, except in the posterior interradius, where the

two posterior radials are separated by the radianal. They are found almost in

contact in August-January and just in contact in November-July.
In April of the second year the radials are about two-thirds as large as the

basals, and in the following September-November they have become nearly as

large as the basals.

The end of the second year finds the two posterior radials coming into contact

beneath the radianal, which occurs in September-January.

By the following June, two years and a half after the completion of the cystid

stage, in the middle of the second winter of its existence, the pentacrinoid, judg-

ing from a comparison between the most developed individuals and the smallest

free living specimens, is fully grown and ready to discard the larval column.

The following examples of the pentacrinoid stage of Promachocrinus ker-

guelensis have been studied:

No. 1 (fig. 881, p. 533) : Dredged on November 9, 1902, at a depth of 385 meters.

Total length (distal portion of column missing) 1.1 mm. length of crown,
0.3 mm.

The stem as preserved consists of seven columnals, of which the first is twice

as broad as long, with a projecting narrow girdle about the proximal margin;
the second is about as long as broad, with a similar prominent projecting girdle
near the proximal margin; the third is somewhat longer than broad, with a narrow

girdle just proximal to the middle; and the fourth and fifth are about twice as

long as broad, with a median girdle; the two distalmost columnals are crushed.

Prominent infrabasals appear to be present.

The basals form a deep cup with slightly and regularly convex sides, which
is slightly higher than broad.

The orals are about as high as the basals: their sides in the proximal half

are parallel, and the profile of the distal half, which is bent inward, is semicircular,
with a narrow median notch; bounded by lines running from the apex of this

notch to the proximal angles is a triangular area which is more or less flattened

from which the distal and lateral portions of the orals are bent outward at a

considerable angle.

No. 2 (fig. 882, p. 533) : Dredged on November 9. 1902, at a depth of 385 meters.
Total length (distal portion of column missing). 2.3 mm.: length of crown.

0.3 mm.
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FIGS. 881-894. PENTACRIXOID LARV.E OP PBOMACHOCKINUS KERGCELENSIS (DRAWINGS BY AUTHOR). 881.

SPECIMEN DESCRIBED AS No. 1. 882. SPECIMEN DESCRIBED AS No. 2. 883. SPECIMEN DESCRIBED AS

No. 3. 884. SPECIMEN DESCRIBED AS No. 4. 885. SPECIMEN DESCRIBED AS No. 5. 886. SPECIMEN-

DESCRIBED AS No. 6. 887. SPECIMEN DESCRIBED AS No. 7. 888. SPECIMEN DESCRIBED AS No. 8. 889.

SPECIMEN DESCRIBED AS No. 9. 890. SPECIMEN DESCRIBED AS No. 11. 891. SPECIMEN DESCRIBED AS
No. 12. 892. SPECIMEN DESCRIBED AS No. 13. 893. SPECIMEN DESCRIBED AS No. 14. 894. SPECIMEN
DESCRIBED AS No. 16.
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The stem as preserved consists of 14 columnals, of which the first is over twice

as broad as long, with a projecting median girdle; the second is slightly broader

than long, with a projecting girdle about the proximal border; the third is about

as long as broad, with a projecting girdle just proximal to the middle; the fourth

is twice as long as broad, with a median girdle which does not project beyond the

general surface; and the following increase in length so that the eighth and

following are four times as long as broad, with a conspicuous median ring.

Except for the earlier columnals, which have a projecting girdle, the stem segments
are all cylindrical without a central construction or swollen ends.

There are five prominent infrabasals.

The basals form a deep cup about as broad distally as high, the sides of which
become almost parallel in the outer portion.

The orals are about as long as the basals. In the proximal half their sides

are parallel; in the distal half the outline is approximately hemispherical, with

a deep notch in the median line
;
a triangular area bounded by lines running from

the apex of this notch to the two proximal angles is flattened
;
the distal and lateral

portions beyond this area are bent outward and backward.

No. 3 (fig. 883, p. 533) : Dredged on November 24, 1902, at a depth of 385 meters.

Total length, 2.2 mm.
; length of crown, 0.3 mm.

The column consists of 15 columnals and a terminal stem plate. The topmost
columnal is short and discoidal, the next two are slightly broader than long, the

fourth is somewhat longer than broad, and the following increase rapidly in

length to the eighth-eleventh, which are about three times as long as broad, while

from this point on there is a decrease in length, so that that preceding the most

distal is only about twice as long as broad.

The terminal stem plate is a circular disk.

The presence of infrabasals can not be satisfactorily determined.

The basals form a narrow cup which is only very slightly broader across the

distal border than high.

The orals are of approximately the same length as the basals. In their proxi-
mal half the sides are parallel; the outline of the distal half is approximately
a semicircle, with a median notch. In their proximal two-thirds the orals lie in

planes parallel to the dorsoventral axis; the distal third is bent inward at right

angles to this plane. The greater part of the orals, embracing the triangular

region bounded by lines running from a point just beneath the distal median
notch to the proximal lateral angles, forms a spherical triangle of rather long
radius of which the apex is bent inward. The portions beyond this region on
either side are turned outward. Between the apex of the median notch and the

apex of the spherical triangle is a short keel.

The radials are evident as minute dots in each of the angles between the orals

and basals. In one of these angles a larger plate, the radianal, occurs just to the

left of and on the same transverse plane with the radial.

No. 4 (fig. 884, p. 533) : Dredged on November 22, 1902, at a depth of 385 meters.

Total length (distal portion of column missing), 1.7 mm.; length of calyx.
0.3 mm.
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The column, of which the distal part is missing, contains 16 columnals. The

first two are very thin, the following gradually increasing in length to the eighth,

which, with the following, is about twice as long as broad. All of the columnals

show a median annulus, which, though very conspicuous and projecting outward

for some distance on the earlier, becomes inconspicuous after the ninth or tenth.

There are five prominent rounded infrabasals.

The basals, of the same height as the orals, form a deep and narrow cup,

which is about as broad as high. In the outer half of this cup the sides are

nearly parallel; in the proximal half they curve regularly and rather rapidly

inward to the top of the column.

The orals are, broadly speaking, shaped like those of Hathrometra proliza;

in a lateral view of the calyx the distal and lateral profiles of the orals collectively

are straight for about half their length, uniting with each other in a broad regular

curve
;
in other words, the orals show an oblong figure, broader than long, with

the two outer angles broadly rounded off. In the proximal half of each oral the

sides are parallel ;
the profile of the outer half in direct view is semicircular. A

triangular median portion extending from the proximal border as a base to a point

about two-thirds of the distance from the base to the tip in the median line as

the opposite apex is depressed, taking the form of a spherical triangle. With

this portion the remainder makes a slight angle. The median distal region is

broadly rounded, neither carinate nor flattened, so that the orals when closed

together leave a relatively large stellate opening between their apices.

There are no radial structures.

No. 5 (fig. 885, p. 533) : Dredged on February 7, 1903, at a depth of 350 meters.

This specimen resembles the preceding, and similarly there is no notch in the

distal border of the orals.

No. 6 (fig. 886, p. 533) : Dredged on January 28, 1903, at a depth of 380 meters.

Total length, 2.3 mm.
; length of crown, 0.3 mm.

The column consists of 16 columnals and a terminal stem plate; the topmost
columnal is very short and discoidal, the following increasing in length to the

sixth, which is about as long as broad, and the seventh, which is about twice as

long as broad, still further increasing to the ninth-eleventh, which are about

six times as long as broad, and from that point decreasing in length distally. A
narrow median girdle is visible in all the columnals and projects strongly in the

first six
;
in the seventh it passes about the end of the proximal third.

The terminal stem plate is regularly and broadly pentalobate.

Infrabasals of considerable size appear to be present.

The basal ring is of moderate proportions, half again as broad distally as high.

Five minute raclials appear to be present.

Just to the left of and on the same level as one of these is a much larger

plate, the radianal.

The orals have approximately parallel sides in the proximal half; in the

distal half they are bent inward, and the sides converge to a rounded distal angle.

Each is roughly divided into three triangular and one rhombic areas. Bounded
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by lines running from the middle of the median line, which is depressed, to each

of the proximal lateral angles, is a triangular area which follows the contour of

the body ;
a rhombic area bounded by the distal border and by lines from the outer

third of the lateral borders to the depressed point midway between the tip and

the base is nearly plane; laterally in the proximal two-thirds there are two tri-

angular areas, the obtuse apices of which lie on the depressed point midway between

the tip and the base, which are bent outward in such a way that their outer borders,

between the proximal lateral angles of the orals and the lateral angles of the distal

rhombic area, form a broad curve.

No. 7 (fig. 887, p. 533) : Dredged on February 7, 1903, at a depth of 350 meters.

Total length (distal portion of column missing), 1.5 mm.; length of crown,
0.3 mm.

The column as preserved consists of seven segments, of which the first is

short and discoidal, and the following increase in length to the fourth, which is

about as long as broad, the fifth, which is three times as long as broad, with a

narrow projecting girdle about the end of the proximal third, and the sixth and

seventh, which are about six times as long as broad.

There appear to be five prominent rounded infrabasals.

The basals form a deep cup, with slightly convex sides, which is not quite

half again as broad as high.
No radial structures could be detected.

The orals have parallel sides in the proximal half; in the distal half the sides

converge rapidly to the rounded apex. A triangular area, of which the proximal
border forms the base and the central point on the median line from the base

to the tip the apex, is flattened; a rhombic area, including the distal portion and

converging to a proximal apex at the central point in the median line between

the base and the tip is moderately concave exteriorly ;
the two narrowly triangular

lateral areas remaining are bent outward and backward.

No. 8 (fig. 888, p. 533) : Dredged m February 8, 1903, in 350 meters.

This specimen does not differ essentially from the preceding.
No. 9 (fig. 889, p. 533) : Dredged pn February 8, 1903, in 350 meters.

Total length (distal portion of column missing), 4 mm.; length of crown,
0.7 mm.

The distal portion of the column is missing. There remain 21 columnals,

of which the first four are short, though of progressively increasing length, more
than twice as broad as long, with a prominent projecting median girdle; the fifth

is about as long as broad, with a projecting girdle in its proximal portion; the

sixth is nearly three times as long as broad, with a prominent girdle about the end

of the proximal third
;
and the following, which have no girdle, gradually increase

in length to the eleventh-fifteenth, which are between five and six times as long
as broad, while the following become gradually shorter again, so that the last

three remaining are scarcely three times as long as broad. The column is of the

same diameter throughout, and the columnals, except those with a girdle, are simple

cylinders without a median construction or swollen ends.

There appear to be five well-developed infrabasals.
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The basals, which are not quite so long as the orals, form a cup which is

relatively high, slightly broader than long, with slightly convex sides.

A minute radial is present in each of the angles between the basals and the

orals, and in one of these angles a much larger plate the radianal has developed

just to the left of and in the same plane with the radial.

The orals are peculiar in having the distal angles somewhat produced, broad-

ened, and flattened. An area having a surface which is approximately a spherical

triangle reaches from the entire proximal border as a base to an apex which lies

in the median line halfway between the base and the tip, and follows the contour

of the body. From this portion the lateral regions, which form narrow triangles

with the apices at the proximal lateral angles, bend outward at a slight angle,

distally adjoining the narrowly fan-shaped anterior process, of which the apex
touches the apex of the spherical triangle just described, and the rounded side

opposite forms the distal border, which is itself slightly bent backward, its plane

making a slight angle with the plane upon which the spherical triangle rests.

The basals, therefore, show essentially the same characteristics as those of Hathro-

metra prolixa, but the angle which the lateral portions make with the depressed
central portion is not nearly so great, and the tip, instead of being carinate in

such a way that when the orals are closed the five keels come into mutual contact

for their entire length, is flattened and elongate fan-shaped.
No. 10 : Dredged on June 16, 1902, in 385 meters.

A badly broken specimen in the stage just before the appearance of the

radial structures.

No. 11 (fig. 890, p. 533) : Dredged on February 7, 1903, at a depth of 350 meters.

Total length (distal portion of column missing), 2 mm.; length of crown,
0.3 mm.

There are 10 columnals in the remaining portion of the column.

Rounded infrabasals appear to be present.

The basals form a deep cup slightly broader than long.
A small rounded plate the radianal is present in one of the angles between

the basals and orals, situated just to the left of the plane dividing them.

In their proximal half the lateral borders of the orals are parallel; in the

distal half they converge to the broadly rounded tip; the lateral borders are

turned outward, and the distal apex is slightly produced.
No. 12 (fig. 891, p. 533) : Dredged on February 15, 1903, at a depth of 400 meters

Total length (distal portion of column missing), 2.2 mm,; length of crown.
0.6 mm.

There are nine columnals remaining, of which the first four are short and dis-

coidal and the following rapidly become elongated, so that the ninth is about
four times as long as broad.

Infrabasals appear to be present.

The basals form a broad well-rounded cup, which is much broader than hi^h.
The radials are small, but well defined, rhombic plates lying in the angles

between the basals and the orals.
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Just to the left of the smallest radial is the much larger oval radianal, to

make room for which the right distal angle of the posterior basal is cut away.

Distally and to the left the radianal overlaps the right proximal angle of the

posterior oral.

The orals are rather broad, their sides converging rather rapidly in the

distal half to the rounded apex. A triangular area extending from a point about

two-thirds of the distance from the base to the tip in the median line as an apex

to the two proximal angles, so that the proximal border serves as a base, is de-

pressed. The portion anterior to this region is exteriorly broadly concave; the

lateral portion of the orals is turned outward. Thus the orals of this specimen,

instead of being of the form most characteristic of this species (as illustrated in

Nos. 6, 7, 8, 9, and 11) tend to approach the form characteristic of the orals of

Hathronietra prolixa.

No. 13 (fig. 892, p. 5331 : Dredged on December 26, 1902, at a depth of 385 meters.

One specimen resembling the preceding but with the orals, though much

broader, essentially like those of No. 2.

No. 14 (fig. 893, p. 533) : Dredged on January 12, 1903, in 380 meters.

Total length (distal portion of column missing), 1.3 mm.; length of crown,

0.4 mm.
The fragment of the column attached to the crown consists of 7 segments.

There appear to be five infrabasals of considerable size.

The basals form a cup with slightly convex sides which is half again as broad

as high.
The minute beginnings of radials have appeared in the angles between the

basals and the orals
;
to the left of one of the radials is the larger radianal.

The orals are rather broad
;

their sides are approximately parallel in the

proximal half, in the distal half curving broadly inward and converging to a

rounded apex. A triangular portion reaching from the proximal border to the

middle of the median line is more or less flattened and depressed; the distal por-

tion, including the tip and forming a rhombic area the proximal angle of which

coincides with the distal apex of the proximal triangle, is also flattened
;
the lateral

portions not included in these two areas are bent outward (backward).
No. 15 : Dredged on December 26, 1902, at a depth of 385 meters.

Total length, 7.8 mm.
; length of crown, 0.7 mm.

The column consists of 26 columnals and a terminal stem plate. The first

three columnals are short and discoidal, with an evenly and sharply rounded

lateral profile. The fourth is half again as broad as long, with a narrow pro-

jecting girdle just under the proximal border. The following rapidly increase in

length to the eighth, which is about three times as long as broad, and the thir-

teenth-sixteenth, which are about five times as long as broad. The remainder

gradually decrease in length. A narrow median girdle is evident on all the seg-

ments; on the earlier it projects beyond the general surface and is very conspicuous,
but after the eighth it becomes inconspicuous. Except for the proximal, the

columnals are regularly cylindrical without expanded ends.

The terminal stem plate is slightly lobate.
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There appear to be five rather large infrabasals.

The basals form a broad cup, which is rather more than half again as broad

as high, with almost straight sides.

The radials are rhombic plates of medium size, covering the angles between

the basals and the orals.

Just to the left of one of the radials, in a space formed by the excavation

of the right distal angle of the posterior basal, the right proximal angle of the

posterior oral, and the left side of the radial, lies the oval radianal.

The sides of the orals, which are not so large as the basals, converge slightly

in the proximal half, and more rapidly in the distal half; a triangular area

extending from the proximal border as a base to a point on the median line midway
between the base and the tip as an apex is depressed; the tip, which projects

somewhat, is flattened; the sides are bent backward (outward).
No. 16 (fig. 894, p. 533) : Dredged on April 14, 1902, in 385 meters.

Total length (distal portion of column missing), 1.7 mm.; length of calyx,
0.8 mm.

The fragment of the column attached to the calyx consists of 10 columnals,
of which the first is short and discoidal, the following increase in length to the

fourth, which is slightly broader than long, the fifth, which is slightly longer than

broad, and the sixth, which is twice as long as broad
;
and the last four are about

half again as long as broad.

There appear to be five infrabasals of moderate size.

The basals form a long cup with almost straight sides which is about half

again as broad distally as long.

The radials are roundedly rhombic plates of considerable size.

Just to the left of one of the radials is an oval plate of similar size the

radianal situated well beyond the line of division between the posterior and the

right posterior basals and orals, over which the adjacent radial lies, and notice-

able on account of its very fine reticulation. The right-hand portion of the distal

edge of the posterior basal is cut away for its reception.

The orals are of about the same length as the basals, approximately long-

triangular in outline, tapering to a rounded tip armed with prominent spines.

The proximal portion, comprising a triangular area extending from a point
which lies between one-third and one-half of the distance between the base and
the tip as an apex to the two proximal lateral angles, is flattened

;
a rhombic area,

including the tip and reaching proximally nearly to the apex of the triangular
area just mentioned, is also flattened. The long-triangular areas bounded

inwardly by these areas are bent outward and backward.

No. 17 (fig. 895, p. 538) : Dredged on November 9, 1902, in 385 meters.

Total length (distal portion of column missing), 5 mm.; length of calyx,
0.7 mm.

The portion of the column remaining consists of 16 columnals, of which the

first five are very short and discoidal, though of gradually increasing length, more
than twice as broad as long, with a prominent projecting girdle, and the follow-
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ing increase rapidly to the tenth and following, which are six times as long as

broad. The median narrow girdle is distinct in all, but projects only in the first six.

Five large infrabasals are clearly present.

The basals form a broad cup which is more than half again as broad as high.

The five radials, rhombic or triangular plates of considerable size, are present,

and in some cases a TBr
1

is present beyond them.

The oval radianal, conspicuous as usual by its fine reticulation, is not much
smaller than the radial to the right of it; the left side of this radial is cut away
beyond a line running from the left side of the base of the IBr

t obliquely (to

the right) downward to the interbasal suture. The right distal margin of the

posterior basal is also slightly cut away. The radianal extends from the line of

contact between the posterior and right posterior basals and orals as far as a

point about three-fourths of the distance between the distal right-hand angle
and the median apex of the posterior basal.

The orals, which are unusually long and narrow, are slightly longer than the

basals; they are of the usual shape.
No. 18 (figs. 896-898, p. 538) : Dredged on December 19-23, 1902, at a depth

of 385 meters.

This specimen was treated with caustic potash to determine the presence of

infrabasals, which were found to be rounded in outline when viewed from the

exterior of the calyx and triangular in outline when viewed from the interior.

No. 19 (figs. 899-902, p. 538) : Dredged on February 7, 1903, in 350 meters.

A column without the crown, about 5.5 mm. long.

This column consists of 22 segments, of which the first four are short and

discoidal, the fifth and sixth are twice as long as broad, the ninth-seventeenth

are between five and six times as long as broad, and the distal become shorter

again. In all the median girdle can be made out, though in the terminal it

becomes very inconspicuous.
The terminal stem plate is much broken, but it appears to have been deeply

lobate.

Attached to the proximal portion of the column are portions of the basals

and five small rounded infrabasals.

No. 20 (fig. 903, p. 538) : Dredged on July 31, 1902, at a depth of 385 meters.

A crown with the proximal portion of the column.

This specimen closely resembles No. 28, but the radials are only about half

as long, though just in apposition laterally, and the orals are more pointed distally.

The IBr, and IBr2 are present.

No. 21 (figs. 904-906, p. 538) : Dredged on June 25, 1902, in 385 meters.

There are 28 columnals.

The basal cup is low and very broad.

The radials are large and rhombic, almost in contact by their lateral angles.

The left side of the right posterior radial, beyond a line extending from the

left-hand base of the IB^ to a point about midway between the central apex
and the right-hand border of the posterior basal, is occupied by the oval radianal.

Beyond the IBr2 about four brachials are present.
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The borders of the terminal stem plate are produced into five long digitiform

processes.

No. 22 (fig. 907, p. 538) : Dredged on September 1, 1902, in 385 meters.

Total length, approximately 22 mm.
There are 40 columnals.

The borders of the terminal stem plate are produced into five long digitiform

processes.

The radials, which are very broadly in contact laterally and have an almost

straight horizontal distal border, are about as long in the midradial line as the

interbasal sutures.

The orals are short and broad.

No. 23 (fig. 908, p. 538) : Dredged on January 28, 1903, at a depth of 350 meters.

Total length (distal portion of column missing) ,
4.3 mm.

; length of calyx,
0.7 mm.

The portion of the column which is attached to the calyx consists of 14

columnals, of which the first 6 are very short and the following rapidly increase

in length, so that the twelfth and following are more than six times as long as

broad. A median girdle is evident on all, and on the first six projects beyond the

general surface. The elongated segments are cylindrical without a central con-

struction or enlarged ends.

The basals form a broad strongly rounded cup which is half again as broad
across its distal margin as high.

The radials are rhombic, broader than long, in contact by their lateral angles

except in the posterior interradius.

There appear to be five infrabasals.

The radianal occupies its original position, in that its center is practically
on the same level as the center of the adjacent radial. This radial (the right

posterior) has the left side cut away beyond a concave line running from the left

side of the base of the IBr, to the middle of the right distal border of the posterior
basal.

The IBr, and IBr, are developed, but there are as yet no brachials.

The orals are large, with the proximal triangular flattened area, the distal

rhombic more or less flattened area, and the everted lateral regions as previously
described. Their tips, which are spinous, extend considerably beyond the distal

borders of the IBr2 .

No. 24 (fig. 909, p. 538) : Dredged on July 31, 1902, in 385 meters.

This specimen in all essentials resembles the preceding. The IBr, and IBr.,

are present; the radials have not quite come into lateral contact; the excision of
the left side of the right posterior radial for the reception of the radianal is

not quite so extensive as in the preceding.
No. 25 (figs. 910-912, p. 541) : Dredged on April 17, 1902, in 385 meters.

Total length, 9.4 mm. ; length of calyx, about 0.8 mm.
The column consists of 28 columnals and the terminal stem plate. The first

six columnals are short and discoidal, the following rapidly increasing in lenth
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to the eleventh, which is twice as long as broad, and the seventeenth, which is

about six times as long as broad. The last four gradually decrease in length, so

that the one just preceding the terminal stem plate is not quite twice as long as

broad. The elongated columnals are cylindrical, with only a slight suggestion

of enlargement of the ends.

The terminal stem plate, attached to the stem of a hydroid, consists of four

prominent well-rounded lobes of different sizes.

Between the bases of the basals are small triangular processes, which are

probably the distal angles of the infrabasals.

The basals are large and broad, the distal diameter of the basal cup being

nearly twice as great as its height.

The radials are rhombic, broad, almost in contact laterally.

The prominent oval radianal rests on the right distal border of the posterior

basal. Its right-hand edge is directly beneath the left lower corner of the IBr,,
and its left-hand edge is almost directly over the distal angle of the posterior

basal. For its reception the left side of the right posterior radial is cut away
beyond a strongly concave line from just beneath the lower left-hand corner of

the IBr, to the middle of the right distal face of the posterior basal.

The IBr, and IBr= and rudiments of the first brachials are present.

The orals are very large, with their characteristic shape much accentuated.

No. 26 (fig. 913, p. 541) : Dredged on August 12, 1902, in 385 meters.

The crown is about 1.5 mm. in length.

The radials have not as yet come into lateral contact, being separated by a

space from one-half to quite as wide as the base of the IBr,.

The left side of the right posterior radial is cut away beyond a concave line

from the left-hand base of the IBr, to about the middle of the right distal border

of the posterior basal.

The oval radianal lies in the area formed by the cutting away of the left

side of the right posterior radial, and extends as far as the line parallel with the

dorsoventral axis which passes through the apex of the posterior basal.

No. 27 (fig. 914, p. 541) : Dredged on February 8, 1903, in 350 meters.

The portion of the column attached to the calyx consists of seven columnals,
of which the first is very thin and discoidal; the second is thicker and lenticular;

the third and fourth similar, but progressively thicker; the fifth cylindrical, twice

as broad as long, with a broad, rough, raised girdle about its proximal half; the
sixth half again as long as broad, with a similar girdle just proximal to the middle;
and the seventh is twice as long as broad with a median girdle.

The radials are just in contact laterally by the tips of their lateral angles.
The radianal, which is thickened and lenticular, has been shoved outward

by the growth of the lower left side of the right posterior radial until it has
come to lie just to the right of and above the apex of the posterior basal.

There are four brachials present. The IBr, and the brachials are bordered
with large filmy covering plates.

The orals are scoop shaped, deeply depressed in the middle. Their tips are
on a level with the distal borders of the IBr2 .
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No. 28 (fig. 915, p. 541) : Dredged on February 7-8, 1903, at a depth of 350

meters.

Total length (distal portion of column missing), about 5 mm.
; length of crown,

about 1 mm.
The fragment of the column attached to the calyx consists of 19 columnals.

There are five large rounded infrabasals.

The radials are just in lateral contact.

The radianal occupies an area formed by the cutting away of the left side of

the right posterior radial beyond a concave line from the left-hand proximal

angle of the IBr, to the middle of the right distal border of the posterior basal.

The IBr
t and IBr2 are present.

No. 29 (fig. 916, p. 541) : Dredged on January 12, 1903, in 380 meters.

There are seven short discoidal columnals at the top of the stem.

The radials are not yet quite in lateral contact.

The radianal is still almost in contact with the right distal border of the pos-
terior basal, the right posterior radial not having become extended beneath it.

The first brachials are just forming.
No. 30 (figs. 917-919, p. 541) : Dredged on April 10, 1902, in 385 meters.

The length of the crown is 1 mm.
There are 22 columnals and a lobate terminal stem plate.

The radials are broadly in contact laterally, but the distal edge of the radial

circlet is deeply concave between the bases of the IBr^ The left proximal border

of the right posterior radial has become extended so that it occupies nearly two-

thirds of the length of the right distal border of the posterior basal.

The first brachials are present.

No. 31 (fig. 920, p. 545) : Dredged on November 9, 1902, at a depth of 385 meters.

Total length (distal portion of column missing), 3.2 mm; length of crown.
1 mm.

There are 12 columnals in the fragment of the stem attached to the calyx.
The radials are narrowly in contact by their lateral angles. The left side of

the right posterior radial is cut away beyond a concave line from the left proximal

angle of the IBr
t
to the middle of the right distal edge of the posterior basal.

The radianal is situated over the left half of the right distal edge of the

posterior basal, its left-hand border just touching the dorsoventral plane passing

through the distal angle of the basal.

The IBrj and IBr
2 ,

the first brachials, and the rudiments of the second

brachials are present.

No. 32 (fig. 921, p. 545) : Dredged on June 25, 1902, in 385 meters.

The radianal occupies a relatively narrow region between the two posterior
radials and lies almost directly over the distal apex of the posterior basal.

No. 33 (figs. 922, 923, p. 545) : Dredged on February 8, 1903. in 350 meters.

The length of the crown is about 1 mm.
There are 22 columnals and a terminal stem plate. The longest columnals

are somewhat over eight times as long as broad, with a median girdle.
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The radials are just in contact laterally.

The radianal, though still large and conspicuous, has been shoved upward
and outward through the growth of the lower left-hand corner of the right pos-

terior radial outward along the distal right side of the posterior basal nearly

to the apex.
The IBr,, IBr2 ,

first brachials, and rudiments of the second brachials are

present.

Delicate, irregular, cribiform films along the sides of the IBr, and IBr2 and

of the first brachials, increasing in size to those bordering the last named, are

the beginnings of covering plates.

There is a pair of sacculi at the base of the IBr,, another at the base of the

first brachials, and a third at the base of the second brachials.

No. 34 (fig. 924, p. 545) : Dredged on November 9, 1902, in 385 meters.

Total length (distal portion of column missing), about 5 mm.; length of

crown, about 0.6 mm.
The basals are only very slightly convex and collectively form a very broad

cup which is rather more than twice as broad distally as high.

The radials, which are about as long as the basals, are broadly in contact

laterally. The distal border of the radial circlet shows deep, regularly rounded

concavities between the bases of the IBr,.

The radianal, apparently much reduced in size, lies over the suture between

the two posterior basals; the left side of the right posterior basal has become

almost symmetrical with the right.

The IBr,, which are about as long as the radials, are present, but beyond

their distal border the arms have been lost.

The orals, the tips of which extend for some distance beyond the distal ends

of the IBr,, are of the usual shape.

No. 35 (fig. 925, p. 545) : Dredged on September 1, 1902, in 385 meters.

A specimen resembling the preceding in all essentials.

No. 36 (fig. 926, p. 545) : Dredged on January 12, 1903, at a depth of 380 meters.

Total length, about 10 mm.
; length of crown, about 2.6 mm.

The stem is composed of 32 columnals and a terminal stem plate. The

proximal columnal is elongated, about twice as broad as long, but as yet shows

no evidence of broadening.
The terminal stem plate, attached to the stem of a hydroid colony, is very

deeply stellate, so much so that it bears a striking resemblance to a specimen

of HenricM sanguinolenta.
The radials are in contact laterally for a distance equal to about half that

of the apposed borders of the basals. The posterior radials have just come into

contact beneath the radianal.

There are eight or nine brachials present.

No. 37: Dredged on December 31, 1902, in 385 meters.

There are 26 columnals and a terminal stem plate, which, as in the preceding,

is produced into five long, slender, fingerlike processes.
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The radials, which are about half again as broad as the median length, are

united for a distance about equal to two-thirds of that of the apposed sides of

the basals.

The radianal is entirely excluded from the radial circlet.

There are about five brachials.

No. 38 (figs. 927, 928, p. 545) : Dredged on June 25, 1902, in 385 meters.

The crown is about 3 mm. long.
There are 29 columnals, the distal portion of the stem being lost. The top-

most columnal has become slightly thicker than those following and has broadened,
the addition of new material being mainly in the interradial regions, which are

also thickened more than the radial regions, so that in end view it would appear
as a pentagon with broadly rounded angles. This seems to be in preparation
for the formation of the five plates described in connection with the oldest penta-
crinoid (No. 43). The next five segments, which are thin and discoidal, gradually
decrease in diameter ; the next is slightly over twice as broad as long ;

the follow-

ing half again as long as broad; and the succeeding twice as long as broad. The
articulation between the two last and between all those following is of the bour-

gueticrinoid type, the long axes of the ellipses on the two ends of each columnal

crossing each other at right angles. The earlier elongated columnals have flat-

tened ends, so that they appear as long trapezoids in lateral view, but the later

gradually increase in diameter toward each end. The columnals increase in length
to the twenty-third and following, which are between four and five times as long
as broad; the last four or five in the column as preserved decrease again.

The basals form a relatively low ring.

The radials form a ring which is about the same height as that formed by
the basals. Their lateral edges, by which they are in contact with each other, are

about as long as those of the basals. Their distal borders are gently concave

for the reception of the bases of the IBrn which occupy one-half of the total

length, and their distal lateral angles are somewhat produced and broadly rounded.

The radianal, which has not undergone appreciable reduction in size, is situ-

ated on the distal border of the radial ring. It adjoins the left side of the base

of the right posterior radial, reaching thence to just beyond the posterior inter-

radial suture.

There are no traces of interradials.

The arms consist of about 12 brachials, each with a pair of sacculi and large

covering plates.

No resorption of the orals appears to have taken place, but they are relatively
much smaller than previously, and their bases are separated from the distal

borders of the radials by a considerable area of naked perisome.
No. 39 (figs. 929, 930, p. 549) : Dredged on December 31, 1902, in 385 meters.

The proximal portion of a column, showing the interradial enlargement of

the proximal columnal.

No. 40 (figs. 931-933, p. 549) : Dredged on September 1, 1902, in 385 meters.



Fios. 929-941. PBNTACBINOID LABV.B OF VARIOUS COMATULIDS. 929. PEOMACHOCEINDS KERGHELENSIS,

TOPMOST COLUMNALS OF SPECIMEN DESCRIBED AS NO. 39. 930. FOLLY DEVELOPED COLUMNALS OF SAME
SPECIMEN. 931. PROMACHOCEINUS KERQUELENSIS, FIEST APPEARANCE OF AN INTERRADIAL IN SPECIMEN

DESCRIBED AS NO. 40. 932. SAME SPECIMEN, ANOTHER INTERRAD1AL. 933. SAME SPECIMEN, POS-

TERIOR INTERRADIAL. 934. PROMACHOCRINUS KKROUELENSIS, SPECIMEN DESCRIBED AS No. 41, SHOWING
WELL DEVELOPED INTERRADIAL FOLLOWED BY TWO PLATES. 935. SAME SPECIMEN, SHOWING ANOTHER
INTERRADIUS. 936. SAME SPECIMEN, SHOWING TWO INTERRADIALS SIDB BY SIDE. 937. PHOMACHO-
CRIM'S KERGUELENSIS, SPECIMEN DESCRIBED AS NO. 42. 938. ANTHOMETRA ADRIANI, POSTERIOR INTEH-

RADIUS. 939. PTILOMETRA MULLBRI, DRIED PBNTACRINOID IMM. LONG. (ALL PRECEDING DRAWINGS BY

ATTHOR). 940. HATHROMETRA PROLIXA. 941. COMACTINIA MERIDIONALIS, SHOWING IXTERRADIAL.
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The column consists of 40 segments, of which the first six are short and

discoidal, and a terminal stem plate. The terminal stem plate is in the form

of five long digitiform processes and resembles an Henricia sanyuinolenta.
The radials are nearly of the same height as the basals, and the radial ring

is peculiar in that its distal border, as the calyx is viewed from the side, is prac-

tically a straight line.

The radianal is entirely excluded from the radial circlet and lies above and

mostly to the right of the posterior interradial suture. The right posterior radial

is now symmetrical, but in the posterior interradius the distal border of the radial

circlet, instead of being a straight line as in the other interradii, forms an obtuse

angle.

Between the posterior radials there is a very narrow plate which, arising

from the narrowly truncated distal apex of the posterior basal, entirely separates

them.

In another interradial area a narrow wedge-shaped plate, arising similarly

from the blunted distal apex of the basal, extends distally between the radials

for about two-thirds of the distance to the distal border of the radial circlet.

In a third interradial area a circular inclusion over about the median third

of the interradial suture shows the beginning of another interradial.

These interradials, growing very rapidly, come eventually to form the so-called

interradial radials, from which division series arise which are indistinguishable

from those on the radial (primary) radials.

There are 7 brachials, each with a pair of sacculi and large covering plates.

No. 41 (figs. 934-936, p. 549) : Dredged on January 30, 1903, in 380 meters.

The first 12 columnals (which are all that remain) are very short and discoidal.

The first two are very closely united. The topmost is rather longer than those

following and bears narrow processes extending into the bases of the basals.

The radials are about as long in the median line as the interbasal sutures.

The bases of the IBrj occupy almost their entire distal border.

In one interradial area the radials are separated by two interradials, side

by side, similar in size and shape, the two together being about equivalent to

a normal single interradial.

In the other four interradii the radials are separated by interradials which

are about two-thirds as broad and about two-thirds as long as the adjacent radials,

resting upon the broadly truncated and slightly concave distal angles of the basals.

These interradials bear on the middle third of their distal margin inter-

radial IBrj which exactly resemble the radial (primary) IB^ of corresponding

size. From their size and shape it is probable that these interradial IBr, were

followed by interradial IBr
2
which have been broken off.

The radianal, easily distinguished from the other plates by its much finer

structure, is evidently undergoing resorption, as it has become narrow and leaflike,

and a small calcareous plate just beyond its distal border appears to be a portion

which has become separated from the main mass.

There were probably six or eight brachials following the radial IBr series.
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No. 42 (fig. 937, p. 549) : Dredged on November 9, 1902, at a depth of 385 meters.

Total length, 25 mm.
There are 53 columnals and a terminal stem plate.

The 10 proximal columnals are very short and discoidal; the longest are

about six times as long as broad, with slightly enlarged ends.

The terminal stem plate is rounded, with two blunt digitiform processes.

There is as yet no trace of the formation of the centrodorsal. The middle

of the proximal border of each basal, which overhangs the proximal columnals,
shows a prominent notch.

Between the radials, which have become relatively narrow and are now no

wider than the IBr
t
which they bear, are large and prominent interradials which

are about two-thirds as long and about two-thirds as broad as the radials on either

side of them and rest upon the broadly truncated distal angles of the basals.

The radianal, reduced in size, is entirely excluded from the radial circlet and

lies just beyond the posterior interradial, in contact with rather more than the

right half of its distal border, and in contact with the left-hand border of the

IBr, borne by the right posterior radial.

The IBr2 are more or less squarish in shape, and of the same width as the

radials which bear them. The IBr, are shield shaped, distally as broad as the IBr,.

There were probably four or five brachials beyond the IBr2 .

No. 43 : Dredged on June 14, 1902, in 180 fathoms.

Total length (distal portion of column missing), 65 mm.; length of crown,
12.5 mm.

As preserved the column, with the centrodorsal, consists of 65 segments.
The centrodorsal is rounded conical, as in fully grown specimens, with the

tip truncated, and about as high as broad. It bears three irregular rows of large
cirrus sockets, of which the lowest are radial in position, the middle interradial,

and the proximal, nearest the periphery of the centrodorsal, again radial.

The columnal immediately beneath the centrodorsal is discoidal, seven or eight
times as broad as long, with the sides as seen in profile sloping inward and down-

ward. Its diameter is slightly greater than that of the centrodorsal at its base

and apparently at least twice as great as that of the truncated tip.

On its proximal side it bears about the periphery five conspicuous triangular

plates which are just in contact laterally, and proximally extend upward between

the bases of the lowest cirri, reaching a height equal to nearly or quite twice the

length of the underlying columnal. The texture of these plates and of the under-

lying columnal is very coarse, much coarser than that of any of the elements of

the crown. The inner surface, which is very uneven, slopes inward and down-

ward, but how far they extend inward it is impossible to determine. As these

plates arise from the outer edge of the columnal bearing them and lean slightly

outward, they extend very considerably beyond the converging sides of the distal

portion of the centrodorsal, so that the latter is seen to rest upon the central

portion of a rosette formed of five wedges triangular in section, tapering inwardly,
and placed side by side.

142140 21 Bull. 82 R7
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These five plates, if they are in reality as they appear five separate units,

probably have resulted from the unequal and exclusively interradial growth of

the outer portions of the columnal immediately following the centrodorsal.

The columnal following that beneath the five plates just described is dis-

coidal, about two-thirds of its diameter and about two-thirds of its length, with

the sides slightly converging distally. The next is similar and of the same length,

but very slightly less in diameter and with parallel sides. The following is about

twice as long, and the next, to which it appears to be united by a bourgeticrinoid

articulation instead of by more or less uniformly distributed ligaments, longer
still. From this point onward the length of the columnals slowly increases, the

twenty-fifth and following being between three and three and one-half times as

long as broad. In the outer half of the column as preserved the ends of the

segments become rather prominent and the lateral profile evenly concave.

There are 15 cirri present; the longest of these those of the middle inter-

radial row, reach to the base of the seventh brachial and are composed of 14

or 15 segments, of which the first is twice as broad as long, the second is slightly

broader than long, the third is nearly twice as long as broad, the next two are

slightly over twice as long as broad, and the remainder are about half again
as long as broad as the base. In the second-fifth segments the outer portion
increases slightly in diameter in lateral view, and the distal dorsal border is

armed with numerous prominent spines. Beyond this point the segments become

more compressed laterally, and the increase in diameter in lateral view is uniform

from the base to the distal end, which dorsally is armed with prominent spines.

On the antepenultimate segment there is a fine serrate middorsal carination, and

on the last a small sharp terminal opposing spine. The terminal claw is slender,

moderately curved, and slightly longer than the segment which bears it.

The radial cirri about the tip of the centrodorsal, alternating with the five

plates, which are the oldest, reach to the base of the third brachial and consist

of 12 segments. They resemble those just described.

The interradial peripheral cirri, which are the youngest, are as yet rudi-

mentary, and do not quite reach the distal border of the IBr2 .

The basals form a complete, though low, ring about the calyx. Beneath the

convex proximal border of the radial radials the lateral portions of the basals are

very narrow; interradially, where their distal angles are broadly truncated by the

proximal borders of the interradial rndials, they are about twice as high.

The radial radials have almost attained the perfected form, though the

articular face is still rather narrow, falling considerably short of reaching the

lateral borders. Their distal edges bear numerous rather short conical spines

arranged in a narrow band.

The interradial radials, of which the distal ends are at the same height as

those of the radial radials, are only about half as broad as the latter, and reach

proximally for only about two-thirds of the distance, where they abut against
the truncated distal angles of the basals.

The radial arms are very long and well developed. All of them have lost

the tips. The longest consists of 22 brachials; when perfect it probably had
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about 30. Except for being much elongated, the brachials have attained approxi-

mately the perfected form. The dorsal surface of the first 8 or 10 brachials is

thickly beset with fine spines, and the distal border is armed with much longer

spines. This latter character persists and becomes accentuated distally. The

syzygies are distinguishable from the muscular articulations, but the brachials

on either side of them have not become appreciably shortened. Very large and

conspicuous rounded covering plates, between which are the large and conspicuous
dark brown sacculi, border the ambulacral grooves on either side. There are five

sacculi and covering plates for each three brachials.

Long and slender pinnules are developed from the twelfth or thirteenth

brachials onward, and the pinnule on the second brachial (P,) is present. The

pinnules do not differ essentially from those of the adult, but the component

segments are much more elongated. The third-fifth segments bear seven very

large and conspicuous covering plates, which considerably exceed in height the

lateral diameter of the segments bearing them. Large dark-brown sacculi occur

between the covering plates.

The interradial arms are as yet very small and rudimentary, with the tips

turned inward. They reach only to the distal border of the first brachial.

The character of the disk can not be made out, as it is hidden by the arms;
but orals appear still to be present.

The essential features in the development of the pentacrinoids of Promacho-

crinus kerguelensis may be summarized as follows:

Column. Broadly speaking, the column is similar to that of the species

of Hathrometra and Heliometra. It reaches a great length and is composed, when

fully grown, of more than 65 segments, of which a usually considerable but very
variable number of the proximal are short and discoidal; but the increase in

diameter of these toward the calyx is never very marked.

The interesting feature in regard to the column is the occurrence just beneath

the centrodorsal of either a rosette of five wedge-shaped plates or a single plate

sharply divided into five sections, in the middle of which the tapered point of

the centrodorsal rests. The right rounded outer ends of these plates or sections of

a plate are interradial in position.

Notches in the middle of the proximal borders of the basals in many speci-

mens in which the centrodorsal has not as yet developed, which are evidently
to accommodate the interradial processes just described and which indicate that

the columnal immediately beneath the basals is the one which is later found beneath

the centrodorsal, suggest that the centrodorsal is not formed from the lateral en-

largement and thickening of the most proximal columnal as in Antedon, but

that it originates as a very small circular plate, entirely excluded from external

view, situated between the center of the basal ring and the topmost columnal,
and that this plate increases in diameter only through the addition of broader

and broader layers between itself and the basal ring, so that it assumes from the

first the form of an inverted cone the base of which is applied to the basal ring,

while the slightly truncated tip rests in the middle of the ^olumnal beneath it.
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The growth of the topmost columnal as seen in this species apparently is not

the preliminary stage of its transformation into a centrodorsal, but instead indi-

cates its transformation into a deep cup, within which, concealed from external

view, the centrodorsal is developed. At a relatively late stage, when the centro-

dorsal has attained considerable size, the basal ring becomes lifted off of the

pentalobate cup into which the topmost columnal (as seen in external view) has

been transformed, and the centrodorsal, hitherto concealed, becomes visible.

The structure of the centrodorsal as seen in the largest specimen is much finer

than that of the columnals immediately beneath it, indicating a much slower

development. It most certainly could not have arisen from a plate resembling
the preceding columnals.

The occurrence of a proximale smaller and of less diameter than the preceding

columnals, which it is necessary to assume in explaining the origin of the centro-

dorsal in Promachocmnus, is not at all unusual. In recent types such a proximale
is found, for example, in Rhizocrinus and in Calamocrinus.

Terminal stem plate. The terminal stem plate of the pentacrinoid of Proma-

chocrinus is at first a circular disk. This soon becomes broadly pentalobate, and

the five lobes gradually extend themselves into five long tapering fingerlike

processes, so that in its perfected form the terminal stem plate resembles nothing
so much as a specimen of Henricia sanguinolenta.

Infrabasals. It is very difficult to determine the presence or absence of infra-

basals with certainty. There appear, however, to be five of equal size, forming
a circlet just above the topmost columnal.

In the earlier stages the lower border of the basal ring shows five rounded

or more or less pointed notches situated on the interbasal sutures; these represent

infrabasals. Later these disappear, and five notches are formed, each of which

occupies the middle of the lower border of a basal. These notches accommodate

the processes arising from the distal growth of the interradial portions of the

topmost columnal.

Basals. The basal cup in Promachocrimts is at first noticeable on account of

its height and narrowness, being about as long as broad distally. It subsequently

expands very rapidly, and in the later stages it becomes unusually broad.

Radianal. The radianal seems to be the first of the radially situated plates

to put in an appearance, and from the evidence at hand we are justified in assum-

ing that it is of considerable size at the time the right posterior radial is first

formed.

At first these two plates lie side by side at exactly the same level, the radianal,

which is situated on the right-hand end of the very narrow perisomic strip separat-

ing the posterior oral from the posterior basal, being accommodated by the cutting

away of the distal right-hand corner of the latter.

The radianal increases in size very slowly and always shows a much finer

structure than the other plates.

The right posterior radial, growing much more rapidly than the radianal,

is at first only able to develop on its right side, the development of the left side

being prevented by the presence of the radianal.
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At about the stage when the radianal and the right posterior radial are equal

in size (two similar plates situated side by side, one, of coarser structure, situated

on the line of division between the basals and the orals, the other, of finer struc-

ture, lying just to the left of it) the radianal begins to migrate to the left. At
the same time, as a result of the growth of the radials, the distal lateral angles

of the basals become more and more broadly cut away until the basals, instead

of being bounded distally by a straight edge, are bounded by two distal edges
which meet in the middle at an obtuse angle. Thus the course taken by the

radianal in its migration toward the left along the distal border of the posterior

basal, at first horizontal, soon becomes diagonally upward toward the apex of

the basal. Meanwhile the right posterior radial is rapidly increasing in size. As
a result of the upward, as well as outward, course taken by the radianal, the

center of the latter remains on the same level with that of the right posterior

radial (the excision of the latter being bounded by a more or less deeply concave

line, with the chord more or less vertical) until the left side of the radianal touches

or extends slightly beyond the dorsoventral plane, passing through the apex of the

posterior basal that is to say, until about the time of the formation of the first

brachials.

From this time onward the course of the radianal is almost directly upward
and outward, the proximal left corner of the right posterior radial rapidly

extending itself along the distal right border of the posterior basal until it reaches

the median distal apex, where it meets the right side of the left posterior radial

and completely excludes the radianal from the calyx.

After its exclusion from the calyx the radianal lies for some time almost

or quite directly over the posterior interradial suture before it disappears.

Radials. Beyond the relatively late union of the two posterior radials beneath

the radianal, the radials of Promachocrinus in their development do not differ from
those of previously known types.

Interradials. Interradials have been described in the young of Antedon bifida

and of Comactinia jneridionalis. but in these species they are always formed be-

vond the distal margin of the radial circlet, and ai'e eventually resorbed.

Similarly in Promachocrinus the interradials do not appear until after the

circlet of radials is complete; but in this type they are formed not beyond the

radials but between them, apparently first on the apices of the basals, thence

rapidly extending themselves, as very narrow plates, anteriorly until they entirely

separate the radials. Broadening rapidly, while at the same time the radials

cease their lateral extension and become relatively narrower, they gradually
assume all the characters of the true radials, and on the middle of their distal

border a small plate appears, soon followed by another, and the latter by two
more side by side, until we recognize the beginnings of the interradial arms.

These interradial arms, which first appear before the formation of the centro-

dorsal and the disintegration of the orals, increase in size very rapidly, but they
do not attain the size of the radial arms until the animal is almost fully grown.

An extraordinary fact in regard to this species is that the interradials do

not always develop, or only the one in the posterior interradius develops, so that a
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large percentage of the recently detached young have only the 10 radial, or the

10 radial and 2 (posterior) interradial arms. Since all of the fully grown speci-

mens recorded have 20 arms, it would appear that these 10 or 12 armed young
never reach full size.

Brachials. The brachials do not differ appreciably from those in the young
of other species.

Covering plates. Each brachial as soon as it appears is accompanied by a

pair of large, though thin, covering plates, composed of a large and irregular
main portion (side plate) and a smaller incompletely differentiated distal portion

(covering plate proper).
These covering plates not only accompany all the brachials but are also found

on either side of the IBr 2 (axillaries) and even sometimes on either side of the

IBr15 where, however, they are much reduced in size.

Pinnules. The first pinnules appear, apparently about the time of the appear-
ance of the first cirri, on the twelfth or thirteenth brachials, and are soon followed

by the pinnule on the second brachial. All of the pinnules from their first incep-
tion resemble more or less closely the perfected form.

On the distal pinnules the third-fifth segments bear seven very large and

conspicuous covering plates, which in height considerably exceed the lateral

diameter of the plates bearing them.

Orals. The orals of Promachocrinus are probably at first, as is usually the

case, spherical triangles. But sometime before the appearance of the radial

structures the original plan of the orals is suddenly changed, and the extension of

their free lateral borders takes place at an abrupt angle to the surface of the

plate as first laid down in such a way that further growth is in planes which

include the dorsoventral axis of the animal. Each oral thus consists of a spherical

triangle with abruptly upturned edges gradually tapering to a point at the

proximal lateral angles, the upturned borders of the two outer sides being sepa-

rated by a deep and narrow notch, the point of which rests upon the distal apex
of the original spherical triangle.

At about the time of the first formation of the radial structures this plan
of growth changes. The notch between the everted lateral extensions becomes

filled with a new calcareous reticulation, which, growing more rapidly than the

lateral extensions, gradually comes to form a produced narrowly rounded tip to

the oral, this new growth as a whole eventually becoming rhombic in shape, either

flat or gently concave (as viewed from the exterior), the rounded anterior angle
of the figure forming the distal angle of the oral, while the proximal sharp angle,

which rests upon the distal apex of the original primitive oral, represents the

filling in of the original notch, now greatly increased in size through the con-

tinued extension of the lateral borders.

As the same time these lateral borders, originally formed in planes including
the dorsoventral axis of the animal, have become curved inward in order always
to maintain the connection with the growing, more or less flattened, distal rhombic

area, so that n ow in lateral view their edges are seen to make a broad curve from
the proximal angle of the basal to the outer angle of the rhombic area.
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This form of oral, in greater or lesser perfection, is very characteristic of this

species and persists up to the time of the disappearance of these plates.

Speaking of the larvae of Promachocnnus kerguelensis, which I loaned him

for study in connection with his work on the Crinoidea Flexibilia, Mr. Frank

Springer writes that the origin and development of the radianal as shown in

Comactinia is paralleled in this species.

The series studied by him begins with the prebrachial stage, in which the

radials have just appeared as small dots, but, contrary to what is the case in the

youngest C'omactinia, all of them are present, though that of the right posterior

ray is smaller than the others and much smaller than the radianal to the left of it.

Mr. Springer thinks it probable, as I have suggested, that the radianal actually

develops before any of the radials are formed.

In the succeeding stages the radianal does not increase to the relative size

to which it attains in Cornactinia, but it runs a similar course until it is lifted out

from the ring of radials by the growth of the anal tube and the interradial spaces
have been occupied by the interradial radials characteristic of this genus.

ANTHOMETRA ADRIANI.

Fig. 938, p. 549.

Among the numerous pentacrinoids brought home by the Gauss were two

evidently belonging to Anthometra adriani. The characters of these are as

follows :

No. 1 : Dredged on September 27, 1902, in 385 meters

The seven columnals immediately following the calyx are short and discoidal,

progressively decreasing slightly in diameter distally. The topmost columnal is

slightly longer than that just below it, to which it is very closely joined.

Broadly speaking, the calyx and columnals resemble those of Promachocrinus

kerguelensis at the same developmental stage. In profile the sides of the calyx
are nearly straight, diverging from the topmost columnal at an angle of somewhat
less than 90.

The basals are large and conspicuous. The left distal side of the posterior

basal is half again as long as the right distal side.

The radials, which are broadly in apposition laterally, are about as long in the

median line as the interbasal sutures. On the distal borders of the radials just
below the proximal angles of the IB^ on either side there are a few conspicuous
more or less webbed spines.

The radianal is unusually long and narrow. From a base extending from
the proximal left corner of the IB^ on the right posterior radial to halfway
between the posterior interradial suture and the base of the IBrj on the left pos-
terior radial it extends diagonally upward, gradually narrowing, to a position just
over the interradial suture (in the mid-interradial line), where it ends in a blunt,
rounded point on a level with the distal end of the IBr

:
.
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On the distal half of the sides of the IBr
a are a number of long webbed spines

which form broadly rounded spinous lateral extensions of the narrow distal end,

increasing its width to more than that of the base.

The lateral angles of the IBr2 are more or less spinous.
All of the brachials have the distal border armed with more or less everted

and prominent spines, and each bears a pair of sacculi, but no covering plates.

No pinnules are as yet developed.
The bases of the orals, which appear to resemble those of Promachocrin/us,

are separated from the distal border of the radial circlet by a broad unplated

strip of perisome equal in breadth to about half the height of the IBr.,.

No. 2 : Dredged on June 25, 1902, at a depth of 385 meters.

The column consists of 32 columnals, including the centrodorsal, and distally

carries a portion of the terminal stem plate.

The centrodorsal is discoidal, four or five times as broad as high and slightly

swollen in the interradial areas, over which there are small rounded notches in

the proximal border of each basal.

The following columnal is nearly as large and about two-thirds as high and

is similarly swollen interradially. The third and fourth from the calyx are of

the same size, each about half as high as the centrodorsal, and slightly swollen

interradially; the next three are short and discoidal, rather abruptly less in

diameter than the preceding. The following increase rapidly in length to the

seventeenth-twenty-first, which are the longest, about five times as long as broad,
then decrease gradually to the one adjoining the terminal stem plate, which is

about as long as broad. The elongated columnals are of the bourgueticrinoid type
with swollen ends which become prominent in the distal half.

Two rudimentary cirri reaching to the lateral angles of the basals and the

base of a third are present. They are radial in position.

In profile the sides of the calyx to the distal border of the radial circlet are

nearly straight, and diverge from the centrodorsal at approximately a right angle.

The basals are of moderate length and offer no peculiarities, except that in

the posterior the left distal side is about twice as long as the right.

The radials are well developed. In the median line they are about as long
as the interbasal sutures, and the large articular face occupies about three-quarters

of their distal border. Just below the proximal angles of the IBr
a
on either side

conspicuous spines are developed.
The radianal, which is long and narrow, resembles that described in the other

specimen.
The sides of the IBr, converge distally, so that the distal end is about half as

broad as the proximal; but in the distal half the borders are armed with long
and prominent more or less webbed spines which are longest at the distal angles;

including these spines the IB^ are slightly broader distally than proximally, with

broadly rounded distal angles.

The IBr, are shield shaped, distally as wide as the distal ends of the IBr1?

including the spines, proximally converging to a rounded point, with spinous
lateral angles.
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There are about 20 brachials, which have prominently spinous distal borders.

Each brachial bears a pair of sacculi, but there are no covering plates.

On at least two arms there is a rudimentary pinnule on the fourteenth brachial.

The orals, which resemble those of Promachocrimis but are more delicate, more

nearly flat, and much more spinous distally, are separated from the distal border

of the radial circlet by a naked strip of perisome about equal in width to half the

length of the IBr^
FLOROMETRA SERRATI8SIMA.

During a visit to Puget Sound Dr. Th. Mortensen was so fortunate as to secure

a considerable series of the pentacrinoids of this species, which he intends to

describe in the near future.

HATHROMETRA PROLIXA.

Figs. 1213, pi. 34 ; 940, p. 549, and 1227, pi. 37 ; pi. 56, fig. 1353 ; and part 1, fig. 409, p. 317, pi. 3,

fig. 532, 535, 538, pi. 4, figs. 542, 544, and pi. 6, figs. 559-564.

On the cirri of specimens of E'

athrometra prolixa dredged by the Danmark
off northeastern Greenland, in 304 meters, on July 22, 1908, Dr. Th. Mortensen

found numerous pentacrinoid larvae representing several developmental stages.

As a rule, these occurred on about the middle of the longer peripheral cirri,

sometimes two together; more rarely they were found on the shorter distal cirri.

The youngest specimen was only 1.4 mm. long, the length of the column

being 1 mm. and that of the calyx 0.4 mm. It possessed about 10 columnals, of

which the central were the longest, 0.15 mm. in length by 0.05 mm. in breadth,
with the primitive median annulus very distinct and somewhat raised. The ter-

minal stem plate was circular.

In another, which measured 2.5 mm. in total length, the column being 2 mm.
and the calyx 0.5 mm. long, there were 15 columnals, of which the three proximal
were quite short, but not broader than the succeeding. In the fourth columnal
the portion distal to the primitive annulus was somewhat elongated, the proximal
part remaining short- The following columnals were elongated, cylindrical, but

with the median annulus distinct, the longest measuring 0.25 mm. in length and 0.05

mm. in breadth. The terminal three or four were somewhat shorter. The terminal

stem plate was small and slightly lobed.

The basals were slightly convex, trapezoidal with straight edges, the upper
border being finely undulated, corresponding to the lower border of the adjacent
oral. The proximal portion consisted of an irregular meshwork, while the distal

was quite regular in structure, the holes in the meshwork being arranged in straight
lines. Mortensen notes that this indicates that the proximal portion represents
the plate in its original size, the regular distal portion representing additional

growth, and as additional evidence for this view he notes that the regular distal

portion becomes more extensive with age. The same feature was observed in the

orals.

The most searching investigation failed to disclose the presence of infrabasals.

I can confirm this statement, for at the time Doctor Mortensen was studying these

pentacrinoids I was in Copenhagen, and we both went over the material together.
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The orals are triangular, the proximal portion in the shape of a spherical

triangle, along the two free sides of which the borders are abruptly everted, the

eversion increasing in amount to the apex and standing everywhere in planes

including the dorsoventral axis.

Similar eversion of the free borders of the orals was described in Antedon

bifida by Dr. W. B. Carpenter, but it is not nearly so extensive as in this species.

Along the base of the triangle, where the oral adjoins the corresponding basal,

there is a narrow belt of regularly arranged holes representing the zone of new

growth. It is much narrower than the same zone in the basals.

Five sacculi are present.

In the next stage, characterized by the presence of the radials, the length is from

6 mm. to 8 mm., of which the column occupies from 5 mm. to 7 mm. and the calyx
0.7 mm. to 0.8 mm.

The number of the columnals is 22-24. The longest, the eighth-fourteenth,

are cylindrical, with the median annulus distinct, though scarcely prominent, and

measure 0.05 mm. by 0.005 mm. The distal columnals are somewhat shorter, and

the three or four proximal quite short, only slightly wider than those succeed-

ing. The terminal stem plate is distinctly lobed.

The radials are represented by small rhomboid plates lying in the angles where

the basals and orals meet, the corners of these plates being truncated for their

reception.

The basals have increased considerably in length through addition to their

distal borders. There has been some addition to the proximal edges of the orals,

and their everted margins have increased considerably in height.

The tentacles contain irregular elongated calcareous rods.

A specimen in which the rudiment of the IBr, has appeared shows the begin-

nings of the radianal. The right posterior radial is displaced to the right so that

it lies almost entirely on the right posterior basal. Adjoining it just to the left

and resting on the posterior basal is the radianal. In area the radianal is some-

what more than one-third the area of the adjacent radial, and its distal half

overlaps the base of the posterior oral when the latter is closed over the disk.

In the stage in which the IBrj and IBr2 are developed the length is 8.5 mm.,
the calyx being from 0.7 to 0.8 mm. long.

There are 25 columnals, of which the longest are 0.5 mm. long and from 0.06

mm. to 0.07 mm. wide, somewhat thicker than in the preceding stage and slightly

thickened at the ends. The lobes of the terminal stem plate have become slightly

more pronounced.
In one of the specimens the IBrj and IBr, are small and similar; in another

they have become considerably differentiated.

In the latter the IBr! is still narrow and slender, though somewhat widened

at the proximal end, where it adjoins the now distinctly pentagonal radial. The
IBr2 (axillary) has widened, and on its outer borders the first brachials have just

appeared.
The basals have increased considerably in length through addition distally,

and the radials have nearly come into mutual contact beyond them.



MONOGRAPH OF THE EXISTING CRINOIDS. 561

The upturned edges of the orals have increased considerably in height.

The anal plate is distinct.

In the stage characterized by the presence of the first brachials the penta-

crinoids are from 13 mm. to 15 mm. long, the calyx measuring from 1.5 mm. to 2 mm.
There are 33-35 columnals of which the longest are 0.6 mm. by 0.1 mm. The

proximal six or seven are short, but not broader than the succeeding. The central

are cylindrical, without distinct traces of the median annulus, and with slightly

broadened ends, which are elliptical in end view, the axes of the ellipses on the

two ends of each columnal being at right angles to each other. The articular faces

resemble those figured by Sars in Hathrometra sarsii, but the fulcral ridge is not

so strongly serrate. The distal columnals gradually become shorter, the most

distal being only about half as long as wide. The terminal stem plate is rather

large and coarsely lobed.

The radials have formed a completely closed circle, and their apposed lateral

edges are of considerable length. They are somewhat thickened at the point

where the IB^ are attached.

The IBr, and IBr, are still long and narrow.

The basals now end distally in an angle beneath the interradial sutures and

thus have become pentagonal.

The radianal is still distinct.

The orals still retain their characteristic shape and still reach the edge of

the disk.

The brachials resemble those of H. sarsii at the corresponding stage.

Side plates, somewhat more branched than those found in the pinnules of the

adults, have appeared.
Fischer recorded two pentacrinoids of this species, which, attached to a Rhyn-

chonella, were dredged at the Austro-Hungarian polar station at Jan Mayen. One

of these was sent to P. H. Carpenter, who published a figure of it.

The broken column with 26 segments was 14 mm. long; the crown, with the

arms broken at the distal end of the eighth brachials, was 4 mm. long.

The longest of the five cirri reached almost to the first brachials.

In the Challenger report Carpenter figured (under the specific name tenella)

a pentacrinoid of this species.

He gives no measurements, but the figure shows a pentacrinoid about 18 mm.

long, of which the column, consisting of 23 segments with a considerable part

of the distal portion missing, is 12.7 mm. long.

There is only one cirrus, which reaches to the level of the IBr2 .

The column is attached by a slight calcareous expansion at about the thirty-

fifth segment (not shown in the figure) to one of the rays of a Rha.bdammina

abyssorum, and it then passes on to form two other spreading attachments, with

radicular branches sprouting from them over a portion of a tubular hydroid.
Six or eight long pinnules are developed on each arm, the lowest being on

the ninth, tenth, and twelfth brachials.

Two pentacrinoids which were dredged by the Porcupine in the "cold area"

of the Faroe Channel P. H. Carpenter referred to this form.



562 BULLETIN 82, UNITED STATES NATIONAL MUSEUM.

In one of these there is no trace of cirri, the anal plate separates two of the

radials, and there are two short brachials.

There are five discoidal segments at the top of the broken column, which is

much more robust than that of the corresponding stage of Antedon Mfida, while

the crown, which is 1.1 mm. in length, is nearly twice as large as that of Antedon

lifida.

The orals, which rest directly on the radials, were compared by Carpenter to

those of Syocrinus, having a deep median groove, which is more marked than

in that type, with the lateral borders folded over somewhat strongly. This

character is more pronounced than in the larva of Antedon bifida.

Carpenter notes that this pentacrinoid, which, like the succeeding, was deter-

mined as belonging to Hathrometra prolixa by a process of elimination, resembles

the larva of H. sarsii in the great height of the basals but differs from it altogether
in the unusual shortness and width of the radials and IBr series.

In the second larva the column, which is broken about 20 mm. from the

calyx, forms an attachment to a hydroid tube at about its thirtieth segment, and

is continued downward for half a dozen segments further.

There are six discoidal segments below the rudimentary centrodorsal, which

bears the sockets of five short cirri, only one of which remains, reaching to the

distal border of the basals, which collectively make up about half the height
of the cup.

The IBrj and IBr
2 (axillaries) are well developed, as are also the arms,

which are broken at about the tenth brachial or earlier; but even under these

circumstances the crown has a length of 4 mm.
A slightly bifid plate having a somewhat worn appearance stands up in one

of the interradii of the disk. Carpenter states that it may be one of the orals,

but is more inclined to regard it as the radianal.

A striking feature of this very robust larva is the large development of

the arms before the appearance of the cirri. The radials and brachials are larger
than those of a recently detached Antedon bifida.

The brachial ambulacra of this larva are protected by relatively large plates
not unlike those in certain forms in the genus Leptometra, though the armature
of the ambulacra in the adult fl. prolira consists of quite simple carcareous rods.

This difference, as stated by Carpenter, may perhaps be explained by an

absorption of the perisomatic skeleton of the pentacrinoid, such as seems to take

place in certain forms of Antedon.

In addition to many of the specimens described by Doctor Mortensen I have

personally examined the following:
East of Jan Meyen (lat. 72 05' N., long. 36' W.), 96 fathoms; taken on

July 24, 1891.

A well-developed example in a poor state of preservation.
East of Iceland (lat. 65 00' N., long. 11 16' W.), 310 fathoms.

The radials are in contact laterally through the rather broadly truncated
lateral angles.

Northeast of Iceland (lat. 67 53' N., long. 10 19' W.), 1,010 fathoms.
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Total length (distal portion of column missing), 3.0 mm.; length of calyx,

about 0.8 mm.
The stem fragment attached to the calyx consists of 12 columnals, of which

the first four are very short and discoidal, the fifth 'is half again as long as

broad, the sixth is twice as long as broad, and the tenth and following are about

five times as long as broad.

The radials are rhombic plates of moderate size.

HATHROMETRA TENELLA.

A pentacrinoid of this species was figured by Verrill, who, however, gave
no description of it, nor did he indicate where or at what depth it was dredged.

The figure shows a specimen 22.5 mm. in length, the crown being 4 mm. long.

There are 28 columnals, of which the topmost six are very short and dis-

coidal, decreasing slightly in diameter. Those in the distal half of the column

are shown as five or six times as long as broad, with slightly enlarged ends.

Though the object of attachment is drawn, no terminal stem plate is shown, and

many of the earlier elongated columnals are drawn as two, the median annulus

having been mistaken for the border between two.

The distance across the distal part of the radial circlet is equal to about

twice the distance between the distal portion of the radial circlet and the topmost
columnal. The sides of the calyx are rather strongly convex.

The radials in the middle line are about as long as the interbasal sutures.

The distal edge of the radial circlet as seen in lateral view is straight.

The bases of the IBr
1 occupy about half of the distal edge of the radials.

Nine brachials are shown. No pinnules are developed.
On September 12, 1884, the Albatross dredged a nearly or quite fully grown

pentacrinoid off Cape Hatteras in 243 fathoms.

The total length is about 17 mm., the crown measuring about 6 mm.
There are 29 columnals and the terminal stem plate and centrodorsal.

The centrodorsal is apparently a low truncated cone; the columnal imme-

diately following the centrodorsal is very thin and platelike, rather strongly

pentalobate, the interradial portions being produced laterally as broadly rounded

extensions, suggesting the conditions found in Promachocrinus; the next seg-
ment is less in diameter, slightly thicker, the proximal border produced and
rounded pentagonal with the angles interradial, the sides converging strongly

distally. These two columnals are very closely united, apparently by a stem

syzygy. The following columnal is less in diameter than the preceding and

longer, being four or five times as broad as long, united both to the preceding
and to the succeeding by the bourgueticrinoid type of articulation. The fourth

columnal from the centrodorsal decreases rapidly in diameter distally, and is

about as long as its distal breadth, with a roughened girdle about the proximal
border. The fifth is about twice as long as broad, with a roughened, very slightly

raised, broad median girdle. The following increase in length to the eighth,
which, with the following, is about three times as long as broad. After the
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ninth, which, like the preceding, is cylindrical, the segments begin to show a

median constriction and swollen ends
;
in the distal half of the column this feature

becomes very strongly marked.
The terminal stem plate, which is attached to a small bivalve, is produced into

three long bifurcated digitiform processes and a broad irregular digitiform mass,
which occupies nearly one-half of its circumference.

The lowest cirri, about the apex of the centrodorsal, are composed of 10

segments. They are radial in position and reach about to the second brachial.

Beyond these there is an irregular band of cirri, of which the lowest resemble the

apical and the uppermost, which are the longest cirri present, reach to the ninth

brachial or slightly beyond, and are composed of 11 or 12 segments. About the

proximal edge of the centrodorsal in the interradial angles are some rudimentary
cirri.

The crown resembles that of the youngest free-living examples. The distal

angles of the IBr
a ,

the lateral angles of the IBr2 ,
and the distal edges of the

brachials are armed with prominent spines.

All the pinnules are present.
A specimen dredged by the Albatross on August 22, 1884, between Cape

Hatteras and Nantucket, in 428 fathoms, is badly mutilated, most of the arms

and column and all of the cirri being lost.

Apparently it is in the same stage as the one just described.

The centrodorsal is low conical, its truncated tip resting in the center of the

very thin columnal following, which is somewhat broader than the base of the

centrodorsal and pentalobate, the lobes being directed interradially.

HATHROMF.TRA SAKSII.

Figs. 121&-1225, pis. 35, 36 ; and part 1, figs. 407, 413, p. 317 ; pi. 2, fig. 530, and pi. 3, firs. 534, 536,

537, 539-542.

In 1856 Prof. Michael Sars communicated to the congress of Scandinavian

naturalists assembled at Christiania a brief account of the pentacrinoid young of

Hathrometra sarsii.

Later he obtained 32 additional pentacrinoids in different stages of develop-

ment, which he described in great detail in 1868. Thirty-one of these penta-

crinoids were dredged by his son, Prof. George Ossian Sars, at different localities

in the Lofoten Islands, between 100 and 300 fathoms, at various times between

the beginning of March and the middle of July, and one was secured by him-

self in March at Manger, near Bergen, at a depth of 50 fathoms.

The youngest specimen was captured at the beginning of July at Brettesnaes

in the Lofoten Islands, at a depth of 100 to 200 fathoms. It was attached to the

stalk of a Rka~bdopleura mirabilis growing on the column of a Rhizocrinus lofotensis.

The total length was 4 mm., the column measuring 3.5 mm., and the calyx
a little less than 0.5 mm.

In the stem there were 18 columnals, of which the two or three proximal were

almost spherical, or rather lenticular, being slightly compressed along the axis of
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the column. These were also a little broader or thicker than those following,

which were cylindrical, becoming more and more elongate toward the middle of the

column, where they were from six to seven times as long as broad. Toward the

distal end of the column the segments became shorter again. With the exception

of the two or three proximal columnals and of the distalmost, all showed a narrow

median transverse line, sometimes slightly elevated, denoting the primitive annulus.

The distal end of the terminal segment spreads out into a little hyaline disk, almost

circular, which is attached by its lower face to the foreign body. This disk is

almost entirely composed of a fine calcareous network, a continuation of that of

the segment itself, irregular and lobed in outline.

The crown is composed entirely of the basals and orals, no trace of the radials

having appeared, and no infrabasals having been identified.

The straight distal border of the basals is not quite equal to their length ;
the

two lateral borders converge, so that the proximal border is very short.

The orals are of about the same size as the basals.

All the plates of both series are composed of the ordinary calcareous network,

moderatelv regular, and pierced with little rounded perforations, which on the

rounded (distal) tips of the orals is furnished with minute but prominent conical

points.

Another specimen, taken at the same time and place as the preceding, was

attached to the stem of a dead individual, much older, of the same species, which,
in its turn, was attached to a branch of a Crisia denticulata. Although this

example was no larger than the preceding, being 4 mm. in total length, with the

crown 0.5 mm. long, it was a little more developed.

The column was composed of 19 segments, of which the four or five uppermost
were more strongly compressed longitudinally than were the corresponding ele-

ments in the preceding, being in lateral view twice as broad as long. The follow-

ing were cylindrical and became progressively longer and longer, so that at the

middle of the stem they were five or six times as long as broad; here they were

somewhat constricted centrally and thickened at the two ends, and at the same

time a little narrower than those above and those below. The latter gradually de-

crease somewhat in length.

The end of the distalmost columnal expands into a little disk with a convex

surface, from the periphery of which there arise four short, thick, digitiform

prolongations, which extend over the surface of the object of attachment (in

this case a columnal of a larger individual) and partially inclose it. The disk

and its prolongations are composed of a fine calcareous network like that of the

columnals but less regular.

In Antedon the terminal stem plate is a circular or slightly lobed disk instead

of a digitiform structure as in this species.

Between each pair of orals and basals there has been formed a radial, the

radials thus separating these plates heretofore united by their bases.

The basals appear a little smaller than at the preceding stage, and now their

distal border, previously straight, forms in the center, on account of the intercalated

radials, an obtuse angle.
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The five radials, almost as high as broad and hexagonal in shape, are already

so large that they are almost in contact with each other at the lower extremity

of their lateral borders, which are separated from those of their neighbors by a

narrow vertical fissure.

On the distal straight border of each of the radials there has appeared a

IBr15 which is elongated and as high as, though scarcely half as broad as, the radial.

The orals are in the same condition as in the preceding stage.

In one of the interradial spaces, at the level of two of the radials and between

them, a small plate, oval in shape, with the longer axis parallel with the stem,

which with its proximal border touches the distal angle of a basal and distally

overlaps the proximal border of an oral, has appeared. This is the radianal.

Three specimens, taken at the same place, time, and depth as the two preced-

ing, are at a more advanced stage. One of these was attached to the tube of a

Pectinaria hyperborea, and the two others to the stalk of a Cellularia ternata var.

gracilis.

The length of these specimens is 10 mm.
In one of them the column is composed of 27, in the other of 29 segments.

The five proximal columnals are strongly compressed along the axis of the stem,

the others being as in the preceding stages.

The crown, which is 0.75 mm. long, shows many changes.

The radials are all united by their lateral borders. On the distal border of

the IBr15 which is still very narrow, there has developed a IBr
2 (axillary) which

is of about the same height and width as the IBr15 and beyond it the two arms

are in course of development.
The elements of the IBr series are very narrow and are very widely separated

from their neighbors.
The arms are 0.75 mm. long, directed upward, or sometimes more divergent,

with the ends pointed and slightly bent inward, and are composed of as yet only

six segments which are longer than broad, and already comparable to those of

the adult in which, however, they are broader than long, especially in the proximal

portion of the arms.

The dorsal portion of the brachials, of which the distal border overlaps slightly

the proximal border of the brachial succeeding and is armed with minute conical

points, is deep, semicylindrical, and composed of a calcareous network crowded

with little rounded meshes. The two lateral portions are very thin and mem-

branous, and the distal part of their border turned inward, or ventrally, forms

a rounded flap. In the fully grown pentacrinoid and in the adult the ventral

border of each brachial has two or three similar flaps.

Each of these flaps is supported by a long and slender calcareous rod or

spicule situated within it, usually somewhat S shaped, which is directed obliquely

upward and inward, and of which the end, situated near the ventral border of

the segment, is a little enlarged and pierced with a larger or smaller number of

small round holes. The opposite end, situated near the dorsal calcareous network,

is pointed, or sometimes bifurcated.
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In free-living individuals 1.5 inches in length the same structure, composed
of one or two spicules, still persists in each of the ambulacral lappets, and they
are found in the pinnules of adult individuals of Antedon petasus from 3 to 4

inches in length, although here they are much reduced.

These spicules also occur in the pinnules, at least in those of the distal half

of the arms, of the adult H. sarsii.

Along the ventral groove of the arms there are two rows of tentacles and

two rows of colored vesicles (sacculi). As yet there is only one pair of these

for each brachial, though in the adult there are many, usually three pairs.

The tentacles are cylindrical, with very slight equally spaced constrictions, or

feebly annulated, and are furnished with minute tactile papillae which are slender,

cylindrical, and rounded at the ends.

The sacculi, situated on the outer side of the tentacles, are spherical, and

opaque reddish yellow or reddish brown as in the adults. In life, however, they
are colorless. On the disk there is a pair of them above the base of the IBr^

There were four specimens taken at the beginning of March at the Guldbrand

Islands, in 100 fathoms, and at Skraaven, in the Lofoten Islands, in 300 fathoms,

two of which were attached to the stem of a Rhabdopleura mirabilis, the two others

being affixed to the tests of rhizopods.
The largest of these has a total length of 20 mm., of which the crown (includ-

ing the arms) occupies 4 mm. The column is composed of 38 segments. The
three others are slightly smaller, from 13 mm. to 16 mm. in length.

As a result of the development of the digestive organs and of the soft ventral

disk which covers them the calyx has become greatly enlarged, and the oral plates,

now separated as a consequence of this increase in size from the much enlarged
and much further developed radials, are still fairly large but seem from this time

onward to become more and more reduced and rudimentary.
The form of the radials has changed considerably. The distal border, pre-

viously short and straight, has become very broad and concave to receive the base

of the IBr^ which similarly has broadened. On the distal border of the radial

circlet there are now to be seen five rounded-triangular interradial angles with

rounded apices which project distally on the lines of the interradial sutures, and

are slightly bent inwardly.
The IBr2 , similarly enlarged, is almost as broad and high as the IBr^ The

arms, considerably elongated, are each now composed of 14 or 15 brachials. In

the largest specimen, though not in the others, the arms are bifurcated at the tip.

Examining these more closely, it is found that this is in reality the first formation

of the pinnules. The pinnules are still very short and filiform, being at the base

about half the thickness of the arm and gradually tapering distally. They are

composed of a few indefinite segments, of which the two lowest already show

sacculi, which, however, are much smaller than those on the arm itself.

A pentacrinoid in a more advanced stage of development, taken in the middle

of April at Skraaven in 300 fathoms, is 21 mm. long, the crown (with the arms)

measuring 4 mm.

142140 21 Bull. 82 38
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The column, composed of 49 segments, forms in its distal half a pronounced

S-shaped curve. It is attached not only, as in most cases, by the terminal stem

plate but also at two higher places, to a foreign body, a Rhabdammina abyssicola.

In another specimen at the same developmental stage there arise from the

terminal stem plate some cligitiform prolongations, of which two are bifurcated

one or more times.

In a third, belonging to the following stage, the discoidal enlargement repre-

senting the terminal stem plate is of irregular form and incloses some sponge

spicules; a few other segments in the distal portion of the column may also give
rise to tubercular or digitiform processes by which they are attached to foreign

objects.

The three proximal columnals have become much more flattened than pre-

viously, almost discoidal a feature still more accentuated in the next stage.

In one of the interradial areas of the soft ventral disk, which has considerably
increased in size, the anal tube has appeared. It already rises high above the

surface of the disk and is cylindrical, slightly oval, or pyriform in shape. At
its summit a small round dark spot indicates the position of the anus. As in

the free stage the anal tube is approximately midway between the mouth and the

periphery of the disk, and consequently far from the place first occupied by the

primitive radianal.

Just below the base of the anal tube there are found in the skin of the disk

two small rounded calcareous plates of which the lower covers with its distal border

the proximal border of the upper. The two occur almost in a vertical line, as if

they had been drawn out by the anal tube in the course of its development. These

calcareous scales seem to be the remains of the original radianal. which as an

entity has disappeared.
From the groove between the calyx and the topmost columnal cirri have begun

to protrude, and, with them, the centrodorsal, to which they are attached, appears.

This plate, still very narrow or annular, increases very rapidly at the next stage,

forming a basin which very soon conceals the basals.

The first cirri are five in number and radially situated. They are directed

upward, lying closely upon the interbasal sutures, and are cylindrical, almost

straight or slightly curved (following the contour of the surface of the basals),

still smooth and unarticulated, with the tip rounded and devoid of a hook or claw.

All are about of the same size, and their tips scarcely extend beyond the distal

border of the basals.

The radials have not been appreciably altered.

The arms have elongated a little, and are composed of from 18 to 20 brachials.

There is only a single pair of pinnules, which are longer than in the previous stage,

straight, and pointed at the tips.

In another specimen, not more advanced in other respects, the five primitive

cirri have become four or five times as long as in the individual just described, and

are composed of seven or eight well-developed segments, of which the terminal is

already provided with two claws.
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A third has the five primitive cirri still more developed and composed of 9

or 10 segments. Between two of these cirri and immediately above them there is a

sixth filiform cirrus directed upward which has no distinct articular divisions and

terminates in a simple conical tip, the claw not having as yet developed. This

cirrus, which has appeared later than the others, is interradial
;
the first five always

maintain their original radial position.

The fully developed pentacrinoid stage is represented by seven specimens. Of

these, six were taken in March, April, and the beginning of May at Skraaven and

at the Guldbrand Islands at the depths already given. They were attached to the

tests of different rhizopods, to small shells, etc. The seventh is that taken by
Professor Sars himself, in the middle of March, at Manger, near Bergen, in 50

fathoms, which he described in 1856.

The largest complete specimen was attached to a Crisia dcnticulata. It

measures 28 mm. in total length, the crown (with the arms) being 8 mm. long.

The column is composed of 44 segments, which seem generally shorter than in the

preceding stages (the longest are almost four times as long as broad), having in-

creased considerably in thickness.

The three proximal columnals are almost discoidal, separated from each other

by straight and deep constrictions, and are peculiar in that their surface shows

moderately large transverse grooves, irregular, and somewhat sinuous, as if they

were composed of thin transverse lamellae. Professor Sars believes that the loose

structure of these segments has to do with the detachment of the pectacrinoid from

the column.

In the individual in question the two topmost columnals are the most discoidal.

being two or three times as broad as long; the third is a little less broad and the

fourth narrows a little toward its lower end, which is not broader than the following

segments, which, as usual, are cylindrical and progressively increase in length.

All the elongated columnals show very distinctly (a fact which was difficult

to appreciate in the preceding stages on account of the smallness of the object)

the same structure as the columnals of fihisocrinu^. The two thickened ends are

somewhat compressed laterally, so that the articular faces are more or less elliptical.

On the two faces of each columnal this compression takes a direction almost at

right angles, so that the longer axis of the ellipse on the distal end crosses that of

the ellipse on the proximal end at an oblique angle. The compression alternates

at succeeding articulations all along the column.

The articular faces show two similar large rounded fossae, one on either side

of the longer axis. These fossae are united in the middle by the circular axial

canal. The fulcral ridge, interrupted in the middle by the central canal, shows

about six very small conical teeth on either side. The fossae contain a large number
of soft parallel fibrillae, very fine and strong.

Additional cirri have appeared on the centroclorsal, so that there are now nine

larger and five smaller. The longer are well developed and are composed of 10

segments, of which the distalmost, as in the free adults, is already furnished with

two claws. The five smaller cirri, situated immediately above and between the
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larger in the interradial spaces, are very short, about one-fourth or one-fifth as

long as the longest, and are indistinctly articulated, with the tips rounded and

without claws.

The disk, with the five ambulacral grooves radiating from the mouth each near

the border dividing into two branches which continue onto the corresponding arms,

and the anal tube, much larger than at the preceding stage and cylindrical, more
or less crenulated at the tip about the anal opening, resembles that of the free-living

adult. The five orals have been completely resorbed.

The IBr, have increased considerably in size and thus appear shorter than

in the preceding stage, being about twice as broad as long. The IBr2 are also

somewhat broader, being about as broad as long.

Additional pinnules have developed, five on one side and six on the other of

each arm, of which they occupy a little less than the distal half. They have

become longer and more developed and are composed of a larger number of seg-

ment. The tentacles and sacculi remain as before.

On the lateral ventral border of each brachial are two rounded flaps, each of

which contains as a brace a calcareous rod, as previously described.

On the outer side of the second brachial a pinnule is now in process of forma-

tion which did not exist at any preceding stage; it is still very short, scarcely

longer than the width of the brachial, filiform, unarticulated, rounded at the tip,

and without tentacles.

The brachials between the second and the twelfth (in one specimen the tenth)

show as yet no trace of pinnules.

Already the sygyzies can be distinctly recognized between the third and fourth

and ninth and tenth brachials, as in the adults.

Another specimen 22 mm. long, the crown (with the arms) measuring 6 mm.,
the column of which is composed of 37 segments, is a little less developed than

the last described. The centrodorsal bears only 10 cirri, of which the five largest

(the primary cirri, radially situated) are composed of eight segments; the five

small cirri are situated immediately above them in the interradial angles. There

are as yet only two or three pairs of pinnules on the arms.

A third individual, with the column composed of 34 segments, is 20 mm. long,

but incomplete, the 10 arms being all more or less broken. On two of the arms

there remain only the three lowest brachials. From the distal end of the third

brachial (the hypozygal of the first syzygial pair) a new arm has arisen which

resembles in a striking manner a young shoot grafted on a tree. It is very short

and slender, only 2 mm. long, at the base scarcely half as thick as the stump which

bears it, tapering toward the tip, which is curved inward. It is composed of 11

or 12 segments and bears no pinnules, though it is already provided with tentacles

and with minute sacculi, a pair for each brachial except for the last four or five,

on which they are still lacking. The oral pinnule is well developed, consisting of

six or seven segments.
The largest and most developed of all the pentacrinoids was that which Pro-

fessor Sars described in 1856.
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The actual total length of this specimen, from which the tips of the arms and

the distal portion of the column are missing, is 30 mm.; the crown (with the arms)

as preserved measures 10 mm. Professor Sars estimates that in life the total

length must have been a little over 40 mm.
The column as preserved consists of 32 segments, of which the two just below

the centrodorsal are discoidal or lamelliform, the third dish-like, and the follow-

ing, as usual, cylindrical and becoming progressively elongated, being in the middle

of the column from three to three and one-half times as long as broad, and swollen

at the two ends. The clistalmost columnals become somewhat shorter.

The centrodorsal, which, as in the adult, conceals the basals and the radials,

bears from 20 to 30 cirri (26 in actual count) which are without any definite order.

The cirri midway between the base and the dorsal pole of the centrodorsal

are the longest and the most developed, being 5 mm. long and about 0.16 to 0.20 mm.

in breadth. Toward the pole the length diminishes to 1.5 mm., and the marginal

cirri are even less developed.
The centrodorsal thus resembles that of the adult, in which the cirri are uni-

formly distributed over the surface, except on the small dorsal pole, and number

between 30 and 40.

The cirri are more or less curved, especially distally, the tip being usually

directed downward and slightly inward toward the column. The largest are

composed of 13 segments (the number in the adults varies from 13 to 19), which

are cylindrical and, excepting those immediately adjoining the centrodorsal,

slightly compressed laterally; they already show the elongate form characteristic

of those of the adults. The cirrals, especially in the proximal half of the cirri,

where they are somewhat more slender than in the distal half, are somewhat con-

stricted centrally; the distal end is a little broader than the proximal, and its

finely denticulate dorsal border overlaps slightly the proximal end of the segment

following, which gives a somewhat crenulate dorsal profile to the cirrus in lateral

view. As in the adult the last segment bears a strong immovable conical pointed

terminal claw, which is slightly recurved, at the base of which dorsally is the

shorter and less curved, often nearly straight, opposing spine. The smallest cirri,

situated about the dorsal pole, are composed of only 7 segments, but in all other

respects they agree perfectly with the larger just described. Near the rim of the

centrodorsal, one in each of the interradial angles of the calyx, are five cirri which

are almost as long and stout as the smallest of the ordinary cirri; they are uni-

formly cylindrical and smooth throughout, without distinct articulation, but show-

ing very fine transverse annular rings, and their tips are obtusely conical
;
in other

words, they resemble the five primary cirri at an early stage. Exactly comparable
cirri are seen also in the same place in the adults apparently throughout life,

always few in number and of different sizes, and always occurring between the

older cirri and the margin of the centrodorsal.

The IBr, has become much broader and therefore appears much shorter. The
IBr

2 (axillary) has become as broad as the IB^ and has attained its definitive,

almost rhomboidal, form.
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The longest remaining portion of the more or less broken arms is 10 mm. long,

with a thickness of 0.5 mm. at the base, and of 0.33 mm. at the end, from which

it may be inferred that the missing portion had at least the same length. This

arm stump, composed of 20 brachials, bears 9 pinnules on one side and 10 pinnules
on the other.

At the time of detachment from the larval column the arms of Antedon bifida

bear only five pinnules, three on one side and two on the other, and Pj is the only

pinnule developed in the proximal portion.

The brachials have the same form as in the adults, but they are proportionately

longer.

In Antedon bifida at the time of detachment the articulations between the

brachials have not as yet become oblique.

Syzygies are present between brachials 3+4, 9+10, 14+15, 18+19, and

22+23, just as in the adult. Many of the arms are broken at the first syzygy, and

the radial striation of the distal articular face of the third brachial can be easily

seen.

The three or four lowest pairs of pinnules are very slender and hairlike.

P
x is very long, composed of from 12 to 14 segments (in the adults of from 25

to 35), without tentacles, and with a few very small scattered sacculi, which,

though sometimes arranged in pairs very close to each other, form, however, only
a single row.

The two or three following pinnules are scarcely half as long as P15 which in

the fully grown animal is often fully three times as long as they are.

Professor Sars finds that in the fully grown Hathrometra sarsii, more or less

adult, the two pinnules on either side of the arm which immediately follow P1 are

similarly very slender, almost hairlike, without tentacles, and in certain cases

even without gonads, which, like the tentacles, are not present before the fourth

pair of pinnules.
P

5
in the same individual has about the same length as the pinnule immedi-

ately preceding, but, like the following, it has the usual form, thick at the base

and gradually tapering toward the tip. It is composed of 9 segments, and, like

all those following, it is provided with tentacles and with sacculi, there being
6 pairs of the latter in two alternating rows. P6 has 13 pairs of sacculi. Ordi-

narily there are on the arms 1 or 2 pairs, and on the pinnules 2 or 3 pairs of

sacculi to each segment.
The following pinnules become gradually somewhat longer.

At the end of this stage the perfectly developed pentacrinoid is ready to

detach itself from its column and to lead a free existence. All the essential struc-

tures of the free adults are present, although many of them are not so numerous

as they will become later.

Professor Sars notes that there is, however, reason for believing that at the

time of discarding the larval column the pentacrinoids are not always so perfectly

developed as the specimen from Manger just described; for from March to June
there were dredged among the Lofoten Islands (at the Guldbrand Islands in 100
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to 120 fathoms and at Skraaven in 200 to 300 fathoms) some very small free

individuals among a large number of medium size, none of which had the gonads
developed on the pinnules.

Of these small specimens the largest, which is complete, has the arms only 14

mm. long, provided with 13 or 14 pairs of pinnules, which occur throughout their

entire length from the second brachial outward. The centrodorsal has about 20

cirri.

The smallest, of which the arms are broken in their distal portion, is almost

equal in size to the largest of the pentacrinoids already described from the Lofoten

Islands, and a little smaller than that from Manger. The remaining portions
of the arms are entirely similar to those of the latter, but on the centrodorsal there

are only 15 cirri, of which the largest is only composed of 11 segments. This

individual has evidently only just been detached from the column.

A third specimen, only very slightly larger than the last, still lacks some

pinnules on the lower portion of the arms, though Pn which normally develops
before detachment, is present.

Doctor Danielssen records that on June 9, 1876, the Norwegian North Sea

Expedition dredged a pentacrinoid of this species in latitude 61 00' N., longitude
4 49' E., at a depth of 200 fathoms.

Doctor Mortensen compared directly pentacrinoids of Hathrometra sarsii and
H. prolixa. While he did not find any differences of undoubted specific value in

the calyx, he found that the columnals of H. sarsii differ conspicuously from those

of H. prolixa in being more robust and more constricted centrally.

In addition to most of the specimens described by Professor Sars and by Doc-
tors Danielssen and Mortensen, I have examined the following:

Off southwestern Norway (lat. 58 32' N., long. 4 18' E.), 280 meters;

April 30, 1903.

A number of well-developed examples.
Off southeastern Iceland (lat. 64 16' N., long. 11 04' W.), 192 fathoms.

There are about 16 columnals, most of which are greatly elongated; the termi-

nal stem plate is slightly lobate; the radials are large, rhombic, just in contact

laterally.

South of Iceland (lat. 63 21' N., long. 16 22' W.), 500 to 560 meters;

May 26, 1905.

Two specimens; the larger has the croAvn about 10 mm. long and all the pin-
nules developed, and is apparently ready to discard the column; the broad thin

lobate column following the centrodorsal is typically developed ;
in the smaller the

pinnules are developed from the twelfth brachial onward.

Southwest of Iceland (lat. 61 44' K, long. 27 00' W.) ,
485 fathoms.

Total length about 12.5 mm.
The column consists of 35 columnals and a terminal stem plate. The nine

topmost columnals are very short and discoidal, very slightly larger in diameter

than those succeeding. The following increase in length to the fifteenth or six-
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teenth and following, which are from four to five times as long as broad. Those
in the distal half of the stem are constricted centrally, with much swollen ends.

The terminal stem plate is composed of two stout tapering radicular cirri,

which run out in opposite directions along a sponge spinule and give off more or

less developed lateral stumps.
The sides of the calyx are nearly straight and diverge from the topmost

columnal at slightly less than a right angle.
The distal border of the radial circlet is abruptly produced between the bases

of the IBr17 forming rounded processes, which reach to nearly half their height
and entirely occupy the spaces between them.

The radianal, long triangular with rounded angles, spans the distance between
the bases of the posterior IBr, and, gradually narrowing, extends to a point beyond
the base of the IBr.,, where it terminates in a broadly rounded apex.

The IBr, are approximately square, with rounded corners, and occupy more
'than two-thirds of the distal border of the radials. The IBr

2 are of about the

same length, broadly shield-shaped with the proximal edges strongly convex, so as

to join the center of the distal border of the IBr! in a very obtuse point.

There were probably 8 or 10 brachials present.

The orals show no indication of resorption.

Southeast of Iceland (lat. 64 16' N., long. 11 14' W.), 190 fathoms.

Two specimens, both poorly preserved ;
in one, apparently almost fully grown,

there are 26 columnals attached to the calyx, of which the two uppermost (beneath
the centrodorsal) are broad and plate-like, very thin, and much broader than those

following; the centrodorsal is truncated conical, the tip where it adjoins the

columnal just below being not quite half so broad as that columnal. The other had

probably 8 or 10 brachials.

West of Iceland (lat. 64 18' N., long. 27 00' W.), 295 fathoms.

Total length about 12 mm.
The stem consists of 32 columnals and a broken terminal stem plate. The

first eight columnals are short and discoidal
;
the longest are about four times as

long as broad
;
those beyond the middle of the stem are strongly constricted cen-

trally, with prominent swollen ends.

The sides of the calyx, which diverge at considerably less than a right angle,

are straight.

The radials are about as high as the basals; the distal border of the radial

circlet is produced interradially into prominent rounded angles.

The radianal is long and narrow, situated on the posterior rounded interradial

angle into which the two appressed distal angles of the two posterior radials are

produced, spanning the distance between the two posterior IBr
t
and reaching

anteriorly to somewhat beyond the base of the IBr.2 .

The IBr
x occupy about two-thirds of the distal edge of the radials.

The orals, which are much depressed centrally, are still in contact with the

distal border of the radial circlet.
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TIIATJMATOMETRA NUTRIX.

Figs. 1232-1237, pi. 38.

Dr. Th. Mortensen has given a short account, to be followed later by a detailed

description, of the young of this curious viviparous species.

When ready to attach themselves the larvae do not leave the marsupium, but

become affixed to its inner wall, at any point from near the mouth to the bottom,
with the calyx and proximal portion of the column protruding through the open-

ing. In this position they remain throughout their whole development until they
are ready to detach themselves from the stalk.

In the older stages Morteasen found the distal end of the column, which lacks

the terminal stem plate, regularly attached to the second or third pinnular, which

is laterally broadened to accommodate it; in one case the column was attached to

the articular surface between the third and fourth pinnulars, both of which

were broadened.

The young pentacrinoids are very small, but in the course of their develop-
ment they grow to a very considerable size.

The large pentacrinoids attached to the pinnules of the small mother give the

latter a very curious appearance.
Sometimes two pentacrinoids are attached to the same pinnule. In one case

these were in about the same stage of development, but in another one was a nearly
full grown pentacrinoid with five cirri, while in the other the arms were just be-

ginning to develop. This indicates that an egg may undergo development in the

ovary while a pentacrinoid protrudes through the marsupial opening.
From the number of pentacrinoids found it is apparent that generally only

one, and rarely two, eggs at a time are developing in the marsupium.
None of the fully grown pentacrinoids have more than one or two arms in

place, but the cirri are well preserved and show that at least 10 are developed before

the young crinoid detaches itself from the stalk.

Figures given by Mortensen show that at the stage in which one or two

brachials beyond the IBr, (axillaries) are present the column consists of five or six

short columnals, without a terminal stem plate.

A large pentacrinoid has the column composed of 10 columnals and a centro-

dorsal but without a terminal stem plate. The three columnals immediately
beneath the centrodorsal are short and discoidal, progressively decreasing in

diameter ;
the next is about as long as broad

;
the seventh-ninth beyond the centro-

dorsal are the longest, though they are not more than half again as long as broad.

The centrodorsal as shown bears 7 cirri, 5 of which, radial in position, are large

and composed of 10 segments, while the others, interradial in position, are rudi-

mentary.

7THAUMATOMF.TRA, SP.

Fig. 1214, pi. 34.

On October 18, 1873, off Tristan da Cunha (lat. 37 21' 00" S., long. 12 21' 30"

W.), in 1,000 fathoms, the Challenger dredged three pentacrinoid larvae, but no

corresponding adults.
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The figure given by Carpenter shows a crown 3.5 mm. long, which closely
resembles that of the species of Hathrometra in the corresponding stage. The
basals are high and the radials very wide, while the IB^ and IBr2 are relatively

long and narrow, though a considerable number of brachials is developed beyond
them. There are no traces of an ambulacral skeleton.

There appear to be six very short discoidal columnals immediately beneath the

calyx. From the ninth onward the columnals are greatly elongated, with the

median annulus prominent.
The orals, shaped like those of the species of Hathrometra, are relatively

small.

There is little doubt that this pentacrinoid is the young of a species of Thau-

matometra, an abyssal genus closely related to Hathrometra.

DOUBTFUL SPECIES.

In 1901 Professor Ijima recorded that a small stalked crinoid was taken from
the carapace of a specimen of the giant crab (Macrocheira kaempferi) caught in

Sagami Bay.

Wishing if possible to obtain some clue as to what this small stalked crinoid

might be I wrote to Prof. H. Matsumoto, of Sendai University (then of the

Imperial University at Tokyo), and from him I received the following letter:

I have examined Professor Ijima's crinoid. The unique specimen represents the penta-

crinoid stage of a eomatulid, which may possibly be a Psathyrometra, though belonging to a

species as yet unknown.

Description. Column 17 mm. long, composed of 32 segments, which are elongated and
" dice-box shaped

"
except for the proximal 6, which are very short and discoidal.

Cirri X in number, arranged in two (a radial and an interradial) circlets. 3 mm. long,

composed of 10 or 11 segments which are elongated,
" dice-box shaped," wider distally than

proximally. All the cirrus segments are longer than wide, the third-fifth being the longest ;

the distal edges of the segments are produced and overlap the bases of the succeeding; there

are no dorsal spines ;
the opposing spine is minute, terminally situated

;
the terminal claw is

long and stout In addition to these 10 cirri there is a very rudimentary one, radially situated.

Basals just visible, triangular.

Kadials well developed, forming a complete closed circlet. Their external surfaces are

very rough, and there is a row of spines along their distal margins.

Elements of the IBr series narrow and widely separated.

IBn narrower distally than proximally, the surface very rough, the lateral and distal

margins armed with prominent spines. Axillaries rhomboidal, longer than broad, with very

rough surfaces, and with especially prominent spines on the lateral borders and along the

distal edges.

Arms, 10 in number, about 10 mm. long; brachials longer than broad, "dice-box shaped,"

the first four or five with rough surfaces, the spines being especially prominent along the dorsal

side; fifth-fourteenth brachials with a very prominent spine on the distal border in the median

line.

Syzygies occur between the third and fourth, eleventh and twelfth (or ninth and tenth),

sixteenth and seventeenth, and twentieth and twenty-first brachials.

Pi, on the second brachial, as yet rudimentary, 0.7 mm. long, composed of three or four

much elongated segments with rough surfaces. The first and second segments are about twice

as long as broad, "dice-box shaped"; the third segment is half again as long as broad; the
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pinnules of the third-thirteenth brachials have not as yet appeared ; the pinnule on the four-

teenth brachial is 2.5 mm. long and is composed of nine segments, of which the first and second

are twice as long as broad,
" dice-box shaped," and the third-sixth much elongated, four times

as long as broad, with both ends expanded. The distal third of the seventh segment, as well

as of the following segments, has a series of denticles along the ventral median line, forming
an arm comb. The ends of all the segments are serrate. The following pinnules are essentially

similar.

Color in alcohol, white.

Collected off Adawara, Sagami Bay, on July 30, 1S95, by Professor Ijima.

As in the case of the adults the pentacrinoids of the comatulids are all formed

upon the same general plan, but this plan admits of great variation in details.

Size. The total length and the length of the crown of the pentacrinoids
differs greatly, as is shown by the following table :



578 BULLETIN 82, UNITED STATES NATIONAL MUSEUM.

It must be remembered that in those macrophreate species in which the larvae

develop within a marsupium the column of the pentacrinoids is short, as in the

Oligophreata.
The percentage of the total length represented by the crown varies very greatly,

as is evident from the following table :
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The proportions of the longest columnals vary considerably; in general it

may be said that the more numerous the columnals the longer they are. The

relation of length to breadth in the longest columnals is shown in the following

table :

Qlyptometra tuberosa 7:1

Hathrometra prolixa 6:1

Pramachocrinus kerguelensis 6:1

Anthometra adriani 5:1

Hathrometra tenella 4-5 :1

fLamprometra protectus
'

4J :1

Antedon bifida 4:1

Hathrometra sarsii 4:1

Comissia HttoraUs 4:1

Cnmactinia meridionalis 3:1

Beliometra glacialis 3-4:1

Compsometra loveni 3:1

Antedon petasus 3:1

Crotalometra porrecta 2:1

PtiJomctra mulleri 2:1

Thauinatometra nutrix 1*:1

From the figures it appears that, in general, the species belonging to the

Macrophreata have more numerous and longer columnals than those belonging to

the Oligophreata.
The number of short discoidal or lenticular columnals following the centro-

dorsal shows considerable diversity, but the available figures are unsatisfactory

for comparative purposes.

At first, when the column is increasing very rapidly in length, these columnals

are relatively few, usually only 1 or 2; just before the formation of the centro-

dorsal the number of new columnals formed beneath the calyx is continued as

before, but the development of these new columnals is greatly retarded; hence at

the time of the first appearance of the centrodorsal the number of short discoidal

or lenticular columnals at the summit of the column is relatively large. As the

centrodorsal grows the short columnals beneath it slowly increase in length, so that

at the time the animal is ready to discard the larval column the number of those still

discoidal or lenticular is usually reduced to 3, 2, or even 1.

Most of the following figures are from specimens the exact comparative age

of which is unknown :

Antedon petasus
Anthometra adriani 5-7

Promachocrinus kerguelensis 3-10

Hathrometra prolixa 4-6

Comissia littoralis 4-5

Hathrometra tenella 3-6

Compsometra loveni 4

Hathrometra sarsii 3

Thanmatomctra nutrix 3

Heliometra glacialis 3

Antedon biflda 2-3

Antedon mediterranea 2-3

Antedon adriatica 2-3

frotalometra porrecta 1-3

tLamprometra protectus

rtilonietra mulleri

Leptometra celtica

Cnmactinia meridional-fa

Glyptometra tnbcrosa

2

2
o

1-2

1

No exact statement is possible, but the indications are that the short discoidal

or lenticular columnals are more numerous in the Macrophreata than in the Oligo-

phreata, as would be expected from the longer and more numerously jointed stems

of the former.
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The columnal immediately following the centrodorsal is always attached to the

latter by a so-called stem syzygy. It may be either of nearty the same or of lesser

diameter than the centrodorsal, as in

Comactinia meridionalis. Antedon petosus.
Comissia littoralis. Antedon bifida,

fLamprometra protectus. Antedon mediterranea.

Ptilometra mulleri. Antedon adriatica,

Crotalometra porrecta. [fHeliometra glacialis~\.

Glyptometra tuberosa. Anthometra adriani.

Thauma.tometra nutria-:

or it maj' be broader than the centrodorsal, as in

Promachocrinus kerguelensis. Hathrometra tenella.

Hathrometra prolixa. Hathrometra sarsii.

In the species in which the columnal following the centrodorsal is of greater
diameter than the centrodorsal it is always more or less strongly lobate, the lobes

being directed interradially. It may remain in the condition of a flat pentalobate

plate, or the lobes may thicken and form considerable inclusions in the central

portion of the lower margins of the basals, appearing like a second circlet of small

basals oriented as the first.

In all of these species the centrodorsal is conical, tapering to a more or less

sharp point. It appears to arise as a minute calcareous ring between the middle

of the basal circlet and the following columnal, which, receiving additions only
on its proximal side, gradually takes on the form of a cone and grows to a con-

siderable size before its increasing length finally separates the following columnal

from the basals and reveals it as a small cone, with the base upward, connecting
the center of the basal ring with the center of the much broader following columnal.

The first cirri are formed as soon as the basals become separated from the

second columnal, and this led Professor Sars to state that in Hathrometra sarsii

the first cirri arise from a slit between the calyx and the topmost (in reality the

second) columnal.

The appearance of the proximale, always firmly attached to the calyx by
close suture, indicates the maturity of the column in the group of crinoids, the

Articulata, to which all the recent forms belong, with the exception of the Plicato-

crinidse. The proximale may be larger than the following columnals, as in Apio-
crinus and Bathycrinus, of the same diameter, as in Phrynocrinus, or of lesser

diameter, as in Rhizocrinus.

From the contrasting conditions in Bathycrinus and Rhizocrinus it is evident

that in the Bourgueticrinidse we have conditions parallel to those in the comatulids,
in some genera the proximale (the homologue of the centrodorsal) being larger,

and in others smaller, than the following columnal.

Terminal stem plate. In the pentacrinoid larvae of the comatulids the ter-

minal stem plate takes a number of more or less distinct forms. In the very young
it is always circular

;
from this circular type a lobate form develops, and the lobes

may elongate into five regular tapering processes, or may develop very irregularly
into a group of digitiform extensions which are in reality radicular cirri, and which
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may be supplemented by the appearance of additional radicular cirri on the long
axes of some of the immediately preceding columnals and of sporadic attachments

elsewhere.

In the different species the development of the terminal stem plate may cease

anywhere between the extremes mentioned; but it always follows the same course

in every individual, no matter what the species.

The terminal stem plate is absent in Thaumatometra nutrix, in which species
the distalmost columnal attaches itself to an expansion of the distal end of a

pinnular.

The terminal stem plate is circular or slightly lobate in

C'omac.tinia. meridionalix. Antedon petasus.
Comissia littoralis. Antedon bifida.

Ptilometra mulleri. Antedon mediterranea.

Crotalometra porrecta. Antedon adrlatwa.

[fGlyptomctra tuberosa"]. Compsometra loveni.

Leptometra celtica.

It is deeply stellate with five long tapering extensions in Promachocrinus

kerguelensis.
It is strongly digitiform in Hathrometra prolixa and Hathrometra tenella.

It is strongly and irregularly digitiform, more or less completely transformed

into radicular cirri, and supplemented by true radicular cirri and extra attachments

in Heliometra glacialis and Hathrometra sarsii.

From this it would appear that the development of the terminal stem plate
is correlated with the length and slenderness of the column.

Attachment. The larvae of the comatulids show great diversity in their choice

of objects to which to attach themselves. They fall in this respect into two main

groups (1) those which will attach themselves to almost anything, and (2) those

which will attach themselves only to large individuals of the same species. These

latter again fall into two groups (a) those which will attach themselves only to

the cirri, and (6) those which will attach themselves only to the pinnules.

The pentacrinoids of the following species are found attached to various

objects :

Tropiometra macrodiscus. Compsometra serrata.

Tropiometra picta. Compsometra loveni.

Crotalometra porrecta. Leptometra celtica.

Glyptometra tuberosa. *Heliometra glacialis.

Antedon petasus. Promachocrinus kerguelensis.

Antedon bifida. Anthometra adriani.

Antedon moroccana. Florometra serratissima.

Antedon mediterranea. *Hathrometra prolixa.

Antedon adriatica. Hathrometra tenella.

Hathrometra sarsii.

The two species marked with an asterisk (*) are also found attached to the

cirri of larger individuals.
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The objects to which these pentacrinoids attach themselves, or at least upon
which they will survive after attachment, are circumscribed by certain economic

considerations (1) a free circulation of pure well aerated water must be assured,

and (2) there must be an adequate food supply.
Thus in shallow water mobile arborescent organisms, such as hydroids and

bryozoans and seaweeds of all sorts, particularly laminariae, are usually chosen.

In an aquarium the larvae will attach to practically anything, even the glass walls,

but in the sea the young of littoral types are only very exceptionally found on

dead objects.

Lo Bianco has noticed that in the echinoderm tank at the Stazione Zoologica
at Naples the pentacrinoids of Antedon mediterranea, in different stages up to

about 7 mm. in length, are almost always found attached to the walls of the

aquarium or to old branches of gorgonians and antipatharians ;
these do not

develop further, possibly, he suggests, through lack of nutriment.

In the sea he found pentacrinoids of the same species in all stages up to the

fully grown ready to discard the stem on the firmer algse (Sargassum, Halymeda,
and C'odium) and on different branched organisms dredged where the crinoid lives.

In deeper water, where the aeration is more uniform and the food supply
less subject to local fluctuations, while the arborescent organisms, particularly the

hydroids, are still the usual objects of attachment, the pentacrinoids are often

found on bivalve molluscs, barnacles, and other organisms (there is one record of

a pentacrinoid on the carapace of a crab), and on foraminifera, and the spicules

and skeletons of dead sponges and other animals.

So far as I am aware no pentacrinoids have ever been found attached to

stones. This, however, is probably due to the fact that in water sufficiently pure
and with a sufficiently high food content for young crinoids the ocean bottom is

more or less completely covered with a growth of other organisms.

The pentacrinoids of the following species are found attached to the cirri of

more or less fully grown specimens:
Comissia littoralis. Leptometra phalangium.
Comissia hartmeyeri. *Helwmetra glacialis.

Comactinia meridionalis.
*Hathrometra prolixa.

Comanthus wahlbergii. Isometra vivipara.

In the two species marked with an asterisk (*) the pentacrinoids are also

found attached to other objects, and their attachment to the cirri of the fully

grown appears to be more or less a matter of chance ;
that is to say, they will attach

themselves to any suitable object, whether it be the cirrus of an adult or any other

support.

But in the case of the other six attachment to the cirri of larger animals

of the same species appears to be the invariable rule, and in these they are attached

not to all of the cirri or to any of the cirri indiscriminately, but always to certain

of the longest peripheral cirri which are not used for gripping the object to which

the foster parent is fixed, but are raised upward toward or between the arms

so that the crowns of the pentacrinoids appear on the ventral surface standing up
between and above the pinnules.
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In the two following species the pentacrinoids are attached to the pinnules:
Ptilometra mulleri,. Thaumatometra nutrix.

In Ptilometra mulleri the attachment is by means of a circular terminal stem

plate; but in Thaumatometra nutrix, where the embryos are retained within a

marsupium and there pass through all the larval stages, there is no terminal stem

plate, the distal end of the larval column becoming attached to the expanded distal

end of a pinnular.
It is interesting to note that in Ptilometra 'mulleri all, and in Comactinia me-

ridionalis most, of the pentacrinoids have been found attached not to fully grown
specimens of the same species, but to partially grown individuals, apparently as

a result of.successive swarms of larvae drifting away from the original parent mass.

Cirri. The developmental stage at which the cirri first appear varies con-

siderably.

The first pinnules are formed simultaneously with the brachials which bear

them that is to say, the ninth-twelfth.

The cirri appear before the pinnules in

Comactinia meridionalis. Antedon bifida.

Ptilometra mulleri. Antedon mediterranea.

Crotalometra porrecta. Antedon adriatica.

Thaumatometra nutrix.

The cirri appear simultaneously with the pinnules in Antedon petasus.
The cirri appear after the pinnules in

fLamprometra protectus. Hathrometra prolixa.
Heliometra glacialis. Hathrometra tenella.

Promachocrinus kerguelensis. Hathrometra sarsii.

Thus in those species in which the column is long and slender and composed
of a relatively large number of segments the cirri are later in making their appear-
ance than in those species in which the column is short and stout and composed
of few segments.

The first five cirri to appear are interradial in Antedon bifida.

The first five cirri to be formed are radial in

Comactinia meiidionalis. Promaichocrinus kerguelensis.

fLamprometra protectus. Anthometra. ad.riani.

Ptilometra mulleri. Hathrometra prolixa.

Crotalometra porrecta. Hathrometra tenella.

Antedon petasus. . Hathrometra sarsii.

Heliometra glacialis. Thaumatometra nutrix.

The interradial appearance of the first cirri in Antedon bifida, attested both by
W. B. Carpenter and M. Sars, is difficult to understand, especially in view of their

radial appearance in the closely related A. petasus.

As has already been explained, the first cirri to be formed approach more
or less a generalized type, but the later cirri of the pentacrinoids always show all

of the essential characteristics of the adults.

The figures for the number of cirri developed at the time of the casting of

the column are unsatisfactory, but it appears to vary between 10 or 12 and 20

142140 21 Bull. 82 39
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or more. It is largest in the species with conical centrodorsals, the species of

Heliometra, Promachocrinus, Anthometra, and Hathrometra, in which also the

crown is most developed at the end of the pentacrinoid stage, and in which the

length of the larval life appears to be longest.

Infrabasals. Unless sufficient material is available representing the very

early stages, which is very rarely the case, the presence or absence of infrabasals

in pentacrinoids is very difficult to determine.

There are five infrabasals in

>Ptilometra rrvulleri. Antedon adriatica.

Promachocrinus kerguelensis.

There are three infrabasals in Antedon mediterranea.

There are no infrabasals in

C'omactinia meridionalis. Antedon bifida.

Antedon petasus. Heliometra glacialis.

Hathrometra prolioca.

The presence or absence of infrabasals has not been definitely determined in

CotnissM littoralis. Compsometra loveni.

fLamiprometra protectus. Leptometra celtica.

Crotalometra porrecta. Anthometra adriani.

Glyptometra tuberosa. Hathrometra tenella.

Hathrometra sarsii.

Judging from the figure given by P. H. Carpenter there would appear to

be large infrabasals present in Leptometra celtica,; such an interpretation, however,
is open to question.

Basals. The basals exhibit relatively little variation.

In the Oligophreata and in Antedon the basal cup is relatively broad from its

first appearance, while in the Macrophreata it is narrower and appears elongated,

being about as long as its distal diameter. In the later stages this difference usually

disappears.
At first all the basals are of the same size and symmetrical, but in the later

stages the left distal border of the posterior basal becomes longer than the right.

The difference is usually not marked, but in Anthometra adriani it is very pro-

nounced, the left distal side of this basal being from half again to twice as long
as the right.

The condition of the basals at the time of the loss of the column varies greatly,

being correlated with the comparative state of development of the crown in other

respects. In those species in which separation from the larval stem occurs rela-

tively early when only a few cirri are developed on the centrodorsal the basals are

still of considerable size and very noticeable in an external view, while in those

species in which the crown is well advanced and numerous cirri and pinnules are

developed they are completely concealed by the centrodorsal.

Radials. The development of the radials follows the same course in all types.
There is a great difference in the relative time at which the two posterior

radials come into contact beneath the radianal, but this is dependent upon the

development of the latter and is only secondarily an attribute of the radials.
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In the species which as adults have the division series broad and stout, as for

example Crotalometra porrecta, the articular facet on the distal border of the

radials increases very rapidly in width, correlatively with the increase in width of

the IBr, and IBr2 ,
and occupies almost or quite the entire width of the radial at a

relatively early age. In the species in which the division series are narrow and

widely separated in the adults the widening of the articular facet takes place

very slowly.
.Radianal. The course of development of the radianal, always present in the

pentacrinoid young of the comatulids, is the same in all species, but it varies very

greatly in the time of its first appearance, and hence in the proportion of the course

as a whole which it covers in the different types.

The radianal is the first plate of the radial series to appear in Comactinia.

meridionalis and in Promachocrinus kerguelensis.

It appears simultaneously with, or possibly slightly before, the right posterior

radial in Hathrometra prolixa.

It appears when the radials are almost in contact in Hathrometra sarsii.

It does not appear until the period of the development of the IBr2 in Antedon

bifida, Antedon mediterranea, and Antedon adriatica.

It has been observed, but its history is not known, in Comissia littoralis,

fLamprometra protectus, Antedon peta-sus, Heliometra glacialis, Anthometra

adriani, and Hathrometra tenella.

The only pentacrinoids of the following which have been studied were too

young to show it : Compsometra loveni, Leptometra celtica.

In the description of the pentacrinoids of the following species the radianal

was not mentioned : Ptilometra mulleri, Crotalometra porrecta, and Glyptometra
tuberosa.

At first the radianal lies in the angle where the posterior and right posterior
orals and basals join, just to the left of the right posterior radial plane and mostly
below the plane of division between the orals and the basals, being accommodated

by a slight cutting away of the right distal angle of the posterior basal.

The right posterior radial, appearing almost immediately after the radianal

and just to the right of it in the same transverse plane, grows much more rapidly,
and the result of its increase in size is to shove the radianal along the distal edge
of the posterior basal to the left, though the presence of the radianal prevents the

development of the right posterior radial toward the left, this side being cut away
in a broad curve about the right half of the radianal.

As the radials increase in size, as rhombic plates, the lateral distal angles of the

basals become more and more broadly cut away until finally the distal borders of

the basals, instead of being straight and lying in a plane at right angles to the

dorsoventral axis, are resolved into two straight lines running obliquely upward
and inward and meeting in the center at an obtuse angle.

With the further growth of the right posterior radial the radianal moves along
the right distal edge of the posterior basal, outward (to the left) and at the same
time upward, its center remaining on the same transverse plane as the center of
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the right posterior radial, until its left border comes to lie over the median apex of

the posterior basal, and therefore near the right lateral angle of the left posterior

radial.

From this point the course of the radianal is almost directly upward, and as it

passes upward the proximal portion of the right posterior radial rapidly extends

itself along the edge of the posterior basal beneath it, finally reaching the right

lateral angle of the left posterior radial and entirely excluding the radianal from

contact with the posterior basal.

When the posterior radials have become completely joined so that the posterior

interradial section of the radial circlet does not differ from the other interradial

sections, the radianal is seen to lie upon the surface of the ventral perisomic disk

at the base of the anal tube, with the greater part of its area to the right of the pos-

terior interradial suture, and with its posterior (proximal) border usually just in

contact with the distal border of the radial circlet.

The raidianal may be resorbed in this position, or it may move slightly farther

outward.

No matter at what stage the radianal is first formed it always follows the same

course, and in those cases in which it appears when the radials are almost in con-

tact, or even after the complete closure of the radial circlet, its behavior is the same

as if it had been present before the appearance of the right posterior radial.

The radianal is of much slower growth than the other plates of the crown, and

is always distinguished from them by a much finer structure.

Interradials. The presence of interradials has been determined in the penta-

crinoids of four species of comatulids, in which they occur in two very different

forms.

Interradials are formed on the distal border of the radial circlet in Comac-

tinia meridionalis, Comissia littoralis^ and in Antedon bifida.

In Comactinia meridionalis and in Comissia littoralis they first appear when
the radials have almost come into contact, at about the time of the formation of

the IBr,, as small plates in the triangular space above the approximated lateral

angles of the radials and below the proximal borders of the orals. They grow

rapidly into conspicuous rhombic plates the distal borders of which are on a level

with the bases of the IBr^
In Comactinia meridionalis, as the space between the proximal border of the

orals and the distal border of the radial circlet increases additional interradials

appear, so that there may be as many as five or six, which grade into the perisomic

plates of the disk.

The further development of the interradials in Comissia littoralis is not known.

In many of the Comasteridse (for instance, in Comanthina scMegelii and in

certain large species of Comaster) the dorsal interradial areas as far as the edge of

the disk are occupied by a solid calcareous plating, which often is of considerable

thickness. It is possible that this is a development from the larval interradials

which have been retained.

In Antedon bifida the interradials are very rudimentary and not always
present; they appear at about the time of the formation of the IBr, and appar-
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ently are soon resorbed, though it is possible that they develop into the cluster

of interradial plates often found between the IBrx
in the adults.

Interradials incorporated in the radial circlet are found in Promachocrinus

kerguelensig and similarly in the species of Tliaumatocrinus, although the penta-

crinoids of this latter genus are not known.

In Promachocnnus the interradials appear first, after the radial circlet has

been completely closed for some time, as narrow triangles on the distal apices of the

basals. Eapidly extending themselves distally, they soon come to separate the

radials as very narrow interradial plates, resting upon the truncated distal angles

of the basals, which widen rapidly and from the middle of the distal edge give

off a IBrj and IBr
2 followed by brachials, which exactly resemble the same plates

following the radials, but are much smaller.

In postpentacrinoid growth these interradials and the arms which they bear

grow somewhat more rapidly than the radials and the postradial series beyond

them, so that when the full size is reached the animal possesses 10 radials and

20 arms which are indistinguishable one from the other.

There can be no doubt that the five additional radials and the five additional

arms of T'haumatocrinus are formed in exactly the same way, and it is likewise

probable that in six-rayed specimens of other species the sixth ray (almost invari-

ably inserted behind the left posterior) has the same origin.

It is a very curious fact that in the young of Promachocrinus often no, or

only one, interradial is developed, so that five and six rayed specimens are very

common, though apparently these never attain full size.

It is not absolutely certain that the interradials of Promachocnnus and of

Thaumatocrinus are homologous with those of the young of Comactinia, Com.issia,

and Antedon; but the so-called anal x in certain fossil types, from which a series

of ossicles arises, appears to be a connecting link between them.

Arms. The arms do not differ appreciably in structure in the different types.

Almost from the first, however, the relative slenderness or robustness of the post-

radial series of the adults is forecasted.

Pinnules. The pinnules from their first appearance essentially resemble the

definitive form.

The distal pinnules, from the ninth to the twelfth or even the fourteenth

brachials onward, are the first to appear, followed by the pinnule on the second

brachial (PJ and, considerably later, by the pinnules on the intervening brachials.

The relation between the development of the pinnules and the development
of the cirri has already been discussed.

In some forms, as in Antedon, the pinnule on the second brachial develops

when only two or three pairs of distal pinnules are present. In others, as in

Hathrometra, it develops much later.

In the following species all the pinnules are present at the time of detachment

from the larval column :

Heliometra glacialis. Hathrometra prolixa.

ProtnacJiocnnus kerguelensis. Hathrometra tenella.

Hathrometra sarsii.
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But in the following only the pinnules beyond the ninth-twelfth brachial and that

on the second brachial are present :

Comactinia meridionals. Antedon bifida.

PtUometra miiUeri. Antedon mediterranea.

Antedon adriatica.

Side and covering plates. From their first appearance the side plates
and covering plates of the pentacrinoids resemble very closely those of the adults.

In Promac/wcrinus kerguelensis side plates and covering plates accompany
the IBr, and IBr2 ,

as well as the brachials and pinnulars. In Antedon petasus, and

probably also in many other species, they accompany the IBr,.

In the pentacrinoids of the following species the side plates and covering

plates (usually in the form of side plates with incompletely differentiated covering

plates) are large and conspicuous:
Crotalometra porrecta, Heliometra glacialis.

Glyptometra tuberosa. Promachocrinus kerguelensis.

They are moderately large in Antedon petasus; they are very rudimentary and

delicate, and usually very narrow, consisting of a few rods arranged in a loose

meshwork in

Comactinia meridionalis. Antedon bifida.

Comissia littoral'is. Antedon mediterranea.

Antedon adriatica.

they are reduced to slender rods which may be branched in

Hathrometra prolixa. Hathrometra sarsii.

they do not occur in Anthometra adriani; and they have not been noticed in

PtUometra mulleri.

Orals. While the outline of the orals is always triangular, so that when they
are closed together they almost or quite conceal the mouth, their surface shows con-

siderable diversity of configuration.
In the very young the orals are always spherical triangles, more or less strongly

curved inward in the outer portion.

Subsequent addition to their free lateral borders takes place so rapidly that

if the original plan of a spherical triangle were maintained they would soon come
to overlap ; therefore the edges as they form turn outward more or less abruptly,

according to the difference in the increase of the surface of the orals as a whole as

compared with the increase in the surface of the disk.

If the growth of the orals is comparatively slow the eversion of the edges
makes only a small angle with the surface of the original spherical triangle, as in

Comactinia meridionals ; but if it is relatively rapid the new calcareous deposit is

abruptly everted, so that it is laid down in planes which include the dorsoventral

axis of the animal, as in Hathrometra proli-xa.
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As the lateral borders of the orals are extended (this extension always in-

creasing in amount distally) they may maintain contact beyond the distal apex of

the original spherical triangle, so that from this apex there gradually arises a

rounded or sharp keel, as in Comactinia mcridionalis and in Hathrometra prolixa;

or the two sides may increase independently in such a way as to leave a narrow

notch between them resting on the apex of the spherical triangle, which is eventu-

ally filled by a plane or nearly plane deposit which, growing distally into a rounded

point, forms a rhombic flattened area between the everted lateral areas and touches

with its proximal apex the distal apex of the original spherical triangle.

In the following species the orals appear to be spherical triangles:

Ptilometra miilleri.

The orals are slightly depressed in a triangular area extending from the

proximal border as a base to a point a greater or lesser distance below the tip as an

apex in

Comactinia meridionalis. Antedon bifida.

Comi-ssia littoralis. Antedon mediterranea.

Antedon petasus, Antedon adriatica.

Compsometra loveni.

The orals are deeply depressed in the basal triangular portion, with the lateral

portions abruptly and strongly everted and meeting over the distal apex of the

former in a more or less well-marked keel, in

fLamprometra protectus. Heliometra glaciatis.

Leptometra celtica. Hathrometra prolixa.

Hathrometra sarsii.

In a triangular area extending from the proximal border as a base to a point

on the median line midway between the base and the tip as an apex, the orals are

depressed, a rhombic area including the tip and resting with its proximal apex upon

the distal apex of the former is flat or only slightly curved, and the sides are more

or less strongly everted in

Promachocrinus keryuelensis. Anthomctra adriani.

Though the different type of orals are, when typically developed, very distinct,

there is more or less intergradation between them.

Perisomic plating of the disk. In the pentacrinoids of certain species when,

as a result of the rapid increase in the size of the disk, the outer edges of the orals

draw away from the radial circlet, exposing a constantly widening ring of perisome,

this perisomic ring as fast as it appears is occupied by perisomic plates which

form a complete pavement between the outer borders of the orals and the radial

circlet; but in most species this area remains unplated. These perisomic plates

only appear in species in which interradials are developed, and they represent a

distal extension, becoming smaller and more and more irregular, of the inter-

radial series.
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A complete perisomic plating is found in Comactinia meridionalis, Comissia

littoralis, and in the recently detached young of Thaumatocrinus renovatus and

Pentametrocrinus, sp., while the exposed perisome is unplated in

fLamprometra protectus. Antedon adriatica.

Ptilometra. millleri. Heliometra (jlac-ialis.

Crotalometra porrecta, Promachocrinus kerguelensis.
Antedon petasus. Anthometra adriani.

Antedon bifida, Hathrometra prolixa.

Antedon mediterranea. Hathrometra tenellu.

Hathrometra sarsii.

In the adults of all of the comatulids the perisome of the disk contains spicules

and concretions which are usually quite invisible to the unaided eye, though they
sometimes take the form of plates of considerable size, and indeed in the family
Calometridse and in certain species of the genus Eudiocrinus the visceral mass is

completely inclosed in a rigid calcareous pavement.
There is no evidence that these calcareous deposits are in any way connected

with the larval perisomic plating of the disk, which in the four types in which it

has been demonstrated completely disappears long before the full size is reached.

Spicules of the tentacles. Almost from their first appearance the tentacles

contain long more or less curved and knobby calcareous rods of various sizes (part

1, pi. 6, figs. 559,563).

HYBRIDS BETWEEN CEINOIDS AND ECHINOIDS.

Dr. Emil Godlewski, jr., working at the Stazione Zoologica at Naples, fer-

tilized with spermatozoa from Antedon mediterranea the eggs of Echinus micro-

tuberculatus de Blainville, Paracentrotus lividus (Brandt) and Sphcerechinus

granularis A. Agassiz. This was found to be possible when the alkalinity of

the sea water was raised by the addition of 0.75-1.25 c. c.
r^r (caustic soda). In

his experiments all precautions were taken in order to avoid the possibility of

error through the presence of echinoid spermatozoa and the possibility of partheno-

genesis was excluded by control cultures.

Godlewski found that a certain relation must exist between the two types
of genital products. As a general rule, a large amount of sperm must be used

for a relatively small quantity of eggs.

There is considerable individual difference in the animals used for experi-

mentation. Other things being equal, one gets a very different percentage of

fertilized eggs from different animals of the same species.

Not only the genital products of different individuals, but also individual eggs
and spermatozoa from the same animal vary in a fixed ion concentration. If eggs

and spermatozoa in sea water with a slight addition of caustic soda, 0.25 c. c. ^
NaOH (caustic soda) : 100 sea water, are passed through mixtures of in-

creasingly higher alkalinity 0.50, 0.75, 1.25, and 1.50 c. c. 10 caustic soda ^i
100 sea water the percentage of fertilized eggs is considerably raised.
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If the echinoid eggs are allowed to lie a long time in an alkaline solution

they become swollen when placed again in sea water, and fertilization, although
in a smaller percentage of cases, will take place without further treatment with

alkali. In the same way, if the genital capsules of Antedon have been previously

exposed to the hydroxyl (OH) ions the spermatozoa can fertilize echinoid eggs
in normal sea water. From this the inference is drawn that the hydroxyl (OH)
ions exercise an influence on the spermatozoa as well as on the eggs.

Morphological investigation of the several developmental stages shows that

the stimulus for the development depends in the first instance on the penetration
of the spermatozoa into the egg. The raising of the yolk membrane is clearly

perceptible on the fertilized eggs, and examination also shows that the nucleus

of the Antedon sperm unites with that of the echinoid egg.
Cell division proceeds in a manner entirely normal for the type represented

by the egg, and the time of the different cleavages coincides with that of the

eggs in the pure cultures. But since different eggs are fertilized at different times

after the mixture of the eggs and sperm, and therefore commence to develop at

slightly different periods, there are found side by side in the same vessel eggs
in different cleavage stages.

The blastula stage also can not be differentiated from the blastula of the

pure echinoid culture. The blastulse give rise to cilia at the appointed time and
swim nimbly about the vessel.

The further development depends upon the echinoid species from which the

eggs are derived.

Of the Sphcerechinus X Antedon embryos only a small part reached the gas-
trula stage, and the commencement of skeletal formation was never detected.

The Paracentrotus X Antedon hybrids for the most part reached the gastrula

stage, and individuals among them reached the pluteus stage.

The largest number of plutei were from the Echinus X Antedon cross.

During the course of development a halting of the morphogenetic processes
is often at times to be observed first during the blastula stage from the com-

mencement of mesenchyme formation, and later after the termination of gastru-
lation and before the commencement of the formation of the skeleton. This

halting of the developmental processes often lasts for several hours and, especially
in the Sphterechinus X Antedon cross. Godlewski often noted an interruption of

development lasting for two days. In each of such periods a part of the embryos
sink to the bottom, while the remainder develop further.

The percentage of the eggs which reach the pluteus stage is as a rule very

small, and depends very much on the individuality of the material. At the most,
5 per cent of the Echinus X Antedon hybrids develop to the pluteus stage, and

usually the proportion was very much less. Often there occurred cases where
no eggs developed beyond the stage in which the gastrula shows the commence-
ment of the formation of the three-rayed skeleton.

During the whole development the characters are exclusively those of the

mother animal, the only differences between these hybrids and normal echinoids
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being found in the lack of contemporaneousness in the original fertilization and

the halting of the developmental processes at definite periods.

The morphological features of the young of the Echinus male X Echinus female

and the Antedon male X Echinus female crosses are exactly the same. Mesenchyme
formation begins in the blastula stage in contrast to the conditions in Antedon,
where there is no primary mesenchyme, and in the grouping of the mesenchyme
elements there is no difference between the hybrids and the pure-bred animals.

After the mesenchyme has become divided into two masses, and the archen-

teron has formed in the manner characteristic of Echinus, the beginnings of the

three-rayed skeleton appear. The plutei, which exhibit the arms characteristic

of the plutei of Echinus, often live for several days.

It is noticeable that, although there occur periods of arrested development
or deviations in the formation of certain organs, similar abnormalities occur in

the development of pure-bred Echinus. Godlewski never found a deviation from

the normal type of the mother animal which could be considered as resulting from

the influence of the male parent.

From these observations it follows that fertilization and the transference of

characters are two quite unrelated processes. The spermatozoa can penetrate the

egg, and its nucleus can unite with the egg nucleus, but in spite of the union

of the nuclei none of the characters of the male parent appear in the morphological
structure of the hybrid.

His success in fertilizing echinoid eggs with comatulid spermatozoa led God-

lewski to try fertilizing fragments of echinoid eggs from which nuclei were absent

with Antedon spermatozoa.
A small percentage of such egg fragments were fertilized. Development

began with cleavage, which presented the usual type of merogonic echinoid

division. Often the eggs died during the cleavage stages, but some developed
to blastulse, and Godlewski obtained four embryos which had reached the gas-

trula stage, though in none of the four were there any traces of the beginnings
of the skeleton.

In none of the embryos was there the slightest trace of any Antedon char-

acters
;
the development was invariably that of the Echinus embryo.

ASYMMETRY.

In the great majority of the comatulids the body is almost perfectly pen-

tamerous, being composed of five similar sectors. The presence of a small

muscular cone in the slightly enlarged posterior interradius, at the summit of

which is the posterior opening of the spiral digestive tube, gives the only indication

visible externally of a departure from true pentamerous symmetry. Internally the

contents of the visceral mass, especially the coiled digestive tube and the excentric

axial organ, are unsymmetrical, but the nerves and the skeleton and the more super-
ficial organs centering in ring systems about the mouth are perfectly pentamerous.

In certain types, however, a more or less marked deviation from the charac-

teristic symmetry occurs.

In many of the Comasteridse the mouth moves anteriorly to a position at the

base of the anterior ray, and then to the right to a position between the bases of
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the anterior and the right anterior rays. This migration of the mouth is accom-

panied by the shoving of all the ambulacral grooves outward to the periphery of

the disk, where they form a horseshoe-shaped furrow, the opening of the horseshoe

being first between the two posterior rays and later, as a result of the disappear-
ance of the ambulacral grooves from the two posterior rays, between the right and
left anterior rays. If the mouth moves to the right the opening of the horseshoe,
because of the loss of the ambulacral structures on the opposite (left posterior) ray,
is between the left anterior and right posterior rays, and if the suppression of

the ambulacral structures is carried to an extreme, between the anterior and right
anterior rays.

By these changes the bilateral symmetry on either side of a plane passing

through the anterior ray, the mouth, the anal tube, and the middle of the posterior

interradius, in most types affecting only the disk, first becomes extended to all the

other structures by the dwarfing of the two posterior rays, and then changes over

into a bilateral symmetry on either side of a plane passing through the middle of

the right anterior interradius, the mouth, the central anal tube, and the atrophied
left posterior ray.

Occasionally comatulids are found which are six-rayed, with the additional

ray inserted behind the left posterior. This variation is especially common in

Tropiometra picta. In two genera, Promachocrinus and Thaumatocrinus, an
additional ray is normally inserted to the left of all five rays, so that a 10-rayed
animal results

;
but the basal structures remain pentamerous, so that the basal rays

lie under the center of alternate radials.

HABITAT OF THE LITTORAL CRINOIDS.

Though a detailed discussion of the relation between the recent crinoids as a

whole and their physical, chemical, and ecological environment will be reserved

until later, it seems advisable here to indicate the conditions under which the

numerous littoral species are found along the shores, in order first of all to em-

phasize the importance of these animals in the littoral fauna of the present day,
and secondly to show in what diverse surroundings they exist.

Except on sandy and exposed muddy shores littoral crinoids occur in all

possible situations. Their one essential requirement is pure, well-aerated water

having a relatively high minimum salt content and well provided with minute

plankton organisms; and wherever this condition is met within the range of the

littoral species they may be looked for in the water just below the low-tide mark,
or in the tide pools ; sometimes, even, they occur in situations left bare at low tide.

Along the shores of the Indian Ocean from southeastern Africa, Madagascar,
and Mautitius to Suez, India, and the Malay Archipelago, along all the coasts of

Australia, especially in the north, and thence northward to Fokien and southern

Japan, littoral comatulids of manj' species are abundant, particularly on reefs and

rocky shores, less commonly in sheltered situations and in eelgrass, though their

occurrence is commonly more or less local, and they are frequently not to be found
in apparently ideal places.
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A few species have been found by shore collectors in New Caledonia, Lord

Howe Island, Fiji, Samoa, the Marshall, Gilbert, Pelew, Caroline, Society, and

Hawaiian Islands, but throughout Oceania they appear to be relatively rare.

None are known from the Japanese coasts north of Tokyo Bay, from the

Asiatic coasts north of Fokien, from the northern or eastern shores of the Pacific,

or from New Zealand.

In the Atlantic basin littoral crinoids occur from Scandinavia and Great

Britain to the Gulf of Guinea, including the islands off the European and African

coasts and the Mediterranean area (but not the Black Sea), and in the west from

Florida to southern Brazil. But on the western shores, except for Tropiometra

picta, they are extraordinarily rare, there being but six records one from Ber-

muda
;
one from the Tortugas, Florida ; one from St. Thomas, Virgin Islands ; one

from Dominica; and two from Brazil.

Of all the comatulids the preeminently littoral genus is Tropiometra, and

wherever this genus occurs, from South Africa to Australia, Oceania, and southern

Japan, and from the southern Caribbean to south Brazil and St. Helena, it is com-

monly found along the shore, often in great abundance. In the western Atlantic,

from Tobago, Trinidad, and Venezuela to southern Brazil, it is the only really

common littoral form.

A close second to Tropiometra is found in the genus Antedon, ranging from

Scandinavia and Great Britain to the Gulf of Guinea, including the offshore islands

and the entire Mediterranean basin, and also found from St. Thomas to Brazil,

all the species of which occur along the shores, where they are often locally abun-

dant. Only two specimens of the American species are known one from shore

collections at Rio de Janeiro, the other from shore collections at St. Thomas.

In order to emphasize the importance of the comatulids as inhabitants of the

present-day littoral the following list is given of the species which have actually

been taken by shore collectors. A comparison between this list and a similar list

containing the names of the species from any one geological horizon is very
instructive.

COMASTERID^E :

CAPILLASTEBIN^B

Comatclia nigra, C. stelligera, C. maculata.

CapiUaster macrobrachius, C. scntosa, C. marice, C. clarki, C. multiradfata, C. cocco-

(listoma.

Nemaster iowensis, N. irreguJnris, N. lincata.

Leptonemaster renustus.

Cmnissia pcctinifer, C. littoralis, C. chadicicki, C. hartmeyeri, C. ignota.

COMACTINHN^E
Comatulella brachioJata.

Comatula rotalaria, C. cratera, C. Solaris, C. pectinata, C. purpurea.

COMASTEBINvE

Comaster belli, C. noreeguinete. C. gracilis, C. muJtifl.<la, C. mullibrachiata, C.

schonovi.

Comantheria alternans, C. briareus, C. magnified, G. rotula, C. grandicalyx.

Comanthina schlegclii,

Comanthvs bennetti, C. pingvis, C. japonica, C. solastcr, C. trichoptera, C. samoana,
C. icahlbergii, C. annulata, C. parvicirra.
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ZYGOMETRID^E :

Zygometra microdiscits, Z. elegans, Z. comata, Z. andromeda.

HIMEROMETRID^E :

Himerometra persica, H. bartschi, H. magnipinna, H. robustipinna, H. martensi.

Craspedometra acvticirra.

Heterometra quinduplicava, H. savignii, H. nematodon, H. variipimna, H. producta, H.

crenulata, H. philiberti, H. flora, H. africana, H. schlegolii, H. singularis, H. amboince,

H. jonbini, H. gravieri, H. ater, H. madagascarensis, H. reynaudii, H. aspera, H. bengal-

ensis, H. affims.

Amphimetra spectabilis, A. molleri, A. parilis, A. jacquinoti, A. pinniformis, A. milberti,

A. ensifer, A. Icei'ipinna, A. papuensis.

STEPHANOMETRIDJE :

Stephanometra echinus, S. tenuipinna, S. spinipinna, 8. monacantha, 8. indica, 8. spicata,

S. oxyacantha.
MARIAMETRID^E :

Pontiometra andcrsoni.

Oxymetra erinacea, 0. flnschii.

Liparometra articulata, L. regalis.

Lamprometra protectus, L. palmata, L. gyges.

Dichrometra doderleini, D. Mmaculata, D. flagellata, D. afro..

COLOBOMETRID.E :

Cenometra bella, C. brunnea, C. emendatrix.

Petasometra Claras.

Cyllometra disciformis.

Decametra tigrina, D. molHs, D. taprobanes, D. arabica, D. Icevipinna, D. brevicirra,

D. modica.

Colobometra perspinoaa, C. vepretmn, C. discolor, C. diadema.

Cotylometra gracilicirra.

Oligometra imbricata, 0. serripinna, O. occidentalis, 0. chincnsis, O. japonica, O. caledonice.

Oligometrides adeonte.

TROPIOMETRID^E :

Tropiometra maorodiscus, T. afra, T. audouini, T. carinata, T. indica, T. encrinus, T. picta.

THALASSOMETRID^E :

THALASSOMETEIN^:
Daidalometra arachnoideS.

ANTEDONID^B :

ANTEDONIN.E

Hastigometra flageUifera, If. micropoda, M. paciflca.

Euantedon tahitiensis.

Antedon petasus, A. biflda, A. hupferi, A. moroccana, A. Aubenti, A. mediterranea,

A. adriatica.

Compsometra Iov6ni, C. serrata.

Toxometra panpera.

Dorometra mauritiana, D. parvicirra, D. nana.

In addition to these 152 species, specimens of which have actually been

captured along the shore line, it is probable that in the future all or most of

the following will also be found there.

COMASTERID.&3 :

CAPILLASTEBIN.S:

Comatella decora.

Capillaster gracilicirra, C. tenuicirra.

Comissia peregrina, C. liitkeni, C. horridus, C. hispida, C. spinosissima, C. upanoscJiistum.

Comatonia cristata.
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COMASTERID/E Continued.

COMACTINIIN.*

Comatula etheridgei, C. tenuicirra.

Comactinia meridionalis.

COMASTEBIN^E

Comaster sibogte, C. fruticosus, C. tatiana, C. pulcher, C. parvus, C. delicata, C. dis-

tincta, C. serrata, 0. minimus.

Comantheria polycnemis, C. webcri, C. intermedia, C. imbricata.

Comanthus benhaini, C. novcezealandice, C. plectrophorttm.

ZYGOMETKIDJE :

Zygometra punctata.

Catoptomctra magnified, C. rubroflara. C. hartlaubi, C. ophiura.

Eudiocrlnus junccux, E. pinnatus, E. variegatus, E. venustulus, E. serripinna, E. ornatus,

E. gracilis, E. indivteus.

HIMEKOMETRID^ :

Himerometra sol.

Heterometra propinqua, V. pulchra, H. compta.
Homalometra denticulata.

MAKIAMETRID.E :

Oxymetra tenuicirra, O. aranea.

Liparomctra grnndis.

Dichrometra tenuicirra, D. dofleini, D. ciliata.

fMariametra vicaria, TM. subcarinata, tM. tuberculata, tM. delicatissima.

COLOBOMETRID^E :

Cenometra, cornuta, C. unicornis, C. delicata.

Petasometra helianthoides.

Cyllometra gracilis, C. albopurpurea, C. manca, C. soluta.

Decametra mylitta, D. alaudee, D. studeri, D. informis, D. parva, D. minima.

Colobometra suavis.

Prometra oicstoni, P. longipinna, P. chadwicki, P. intermedia.

Cotylometra ornata.

OUgometra erinacea, O. carpenteri, O. electro;.

Analcidometra armata.

THALASSOMETRID^E :

PTILOMETBIN.B

Ptilometra miiUeri, Pi. macronema,
ANTEDONID.^ :

ANTEDONIN^E

Euantedon moluccana, E. sinensis.

Compsometra iris.

flybontrtra scnt/i.

Dorometra gracilis, D. briseis, D. ccgyptica, D. clymene.

Andrometra indica, A. psyche.

Thus while 152 comatulids are actually known to live along the shore, 93

more undoubtedly also occur there, so that we are justified in assuming 245 littoral

species among the forms already described.

Of these 245 species 226 are from the Indo-Pacific region (including north-

ern Australia and Oceania), 8 are from the region between Bermuda and Florida

and Brazil, 6 are from the northeastern Atlantic (north of the Gulf of Guinea),
and 4 are from southern Australia.

Species found swimming at the surface. The young of two comatulids, Coman-
thus parvicirra and Dorometra nana, have been taken swimming at the surface in
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quiet anchorages. It is quite probable that the young of many species display
considerable activity for a longer or shorter period between the time the column
is discarded and the assumption of the adult habit of life.

Species found between tide marks. At King (Padaw) Island, in the Mergui
archipelago, Dr. John Anderson collected a dozen examples of Amphiinetra dis-

coidea, half of them from mud flats exposed at spring tide.

Mr. Cyril Crossland found Lamprometra palmata living between tide marks
at Suez.

On the sand flats on the southern side of Friday Island, Torres Strait, at low

tide, Dr. H. L. Clark collected a single specimen of Zygometra punctata.
Prof. S. J. Hickson told me that at Macassar he was surprised to see comatulids

at low tide clinging to the piling of the wharves above the surface of the water.

Dr. H. L. Clark writes that at Buccoo Bay, Tobago, Tropiometra picta occurs

in water from a few inches to several feet in depth at low tide, and that at the

lowest tides some individuals are probably out of the water, in part at least, for a

short time.

It is only reasonable to suppose that all the species inhabiting coral reefs or

other localities where the water is very shallow at low tide are occasionally left dry.

Species found on coral reefs. The following species have been reported by
shore collectors from coral reefs :

Comatella nigra, C. stelligera, G . maculata.

Capillaster sentosa, 0. multiradiata.

Comissia littoralis, C. hartmeyeri, C. ignota.

Comatula pectinata, C. purpurea, C. Solaris.

Comaster novceguinece.

Comanthus samoana, C. annulata, C . parvicirra.

Stephanometra echinus, S. spicata, S. monacantha, S. indica.

Liparometra regalis.

Lamprometra protectus, L. gyges, L. palmata.
Dichrometra flagellata, D. afra.

Cyllometra disciformis.

Colobomztra perspinosa.

Oligometrides adeonw.

Tropiometra afra, T . carinata, T. indica, T. audouini, T. picta.

Antedon moroccana, A. diibenii.

Dorometra nana.

In addition to these the records of capture of a very considerable additional

number make it reasonably certain that they were taken on coral reefs.

As a general rule the reef-inhabiting species choose more or less protected

situations, living on the lower surfaces of rock masses, in the cavities of the coral

heads and sometimes of large sponges, or among the branches of the arborescent

corals; but certain species provided with strong stout cirri frequently occur cling-

ing to gorgonians, hydroids, or bryozoans.
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The position of the ventral surface appears to be a matter of complete in-

difference; it is rarely horizontal, and if so, is as often directed downward as

upward.
On the reefs it has been observed that the crinoids usually occupy restricted

localities and are not by any means universally present. Thus at Maer Island,

Torres Strait, Dr. H. L. Clark found them on different parts of the reef flat
;
but

except for the ubiquitous C'omatula purpurea they were virtually confined to the

southern and eastern side of the island. They were usually in water not less than

2 or 3 feet deep at low tide, but occasionally when the tide was very low they were

in water only a few inches deep.

Comatulids have been reported, in very varying abundance, from a large num-
ber of reefs all over the Indo-Pacific region, from southeastern Africa, Mada-

gascar, and Mauritius to the Red Sea, and eastward to northern Australia and

Oceania; but they occur in the greatest variety and abundance on the reefs of

northern Australia and the Malayan region, including western Oceania.

On the reefs in the Atlantic they are very rare, both on the eastern and western

shores, having been recorded from only about a dozen widely separated localities

(including St. Helena), in all cases but two (St. Helena and Rio de Janeiro) only

once, and in all cases but one only a single species was reported.

In water of a few fathoms' depth along the outer side of the reefs comatulids

often occur in very great variety and abundance, and it is in such situations that

the large multibrachiate species are found. Thus the littoral reef fauna is, prop-

erly speaking, the upper fringe of a much more extensive fauna existing from the

shore line down to between 20 and 30 fathoms.

It is understood that the term reef as used above is employed in a somewhat

broad sense. In most cases it refers to the "
coral

"
reefs properly speaking, but in a

few cases the reefs are of volcanic rock, with a superficial and sparse and often

restricted growth of coral.

In many places in the Mediterranean and Adriatic and in a few localities on

the Atlantic coast of Europe Antedon occurs on partially submerged ledges and

along rocky shores which are more or less furnished with a heterogeneous growth
of marine organisms.

Occurrence of comatulids among seaweeds. In certain places on the Atlantic

coasts of Europe Antedon Mftda occurs in considerable numbers among the roots

of rockweed.

Dr. L. E. Griffin reports an unidentified species from Culion, Philippine

Islands, as being a very active swimmer and as living among the eelgrass.

At Tobago Dr. H. L. Clark found that the bottom frequented by Tropiometra

picta is made up largely of Porites fragments, usually more or less covered by a

growth of Corallina and Halimeda; scattered over it there is also a sparse growth
of short eelgrass (Zostera). Sometimes the bodies of the animals are more or less

completely shaded by a clump of eelgrass or seaweed, but this is not usually the

case. Generally the individuals are solitary, but occasionally five or six may be

found about a single clump of Porites or of eelgrass.
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Occurrence of comatulids in half submerged caves. In the Tropics half sub-

merged caves, on account of the protection which they afford against the brilliant

glare of the tropical sun, often form extraordinarily rich nurseries for many types

of marine organisms, and comatulids have occasionally been found to be abundant

in such situations.

Absence of comatulids from rock pools. It might be expected that rock pools

would offer very favorable conditions for comatulid existence, but they are seldom

or never found in such situations, preferring always open water.

Occurrence of comatulids beneath stones. In southeastern Australia and in

southern Japan the local species of Compsometra, which are very small, are fre-

quently found beneath stones along the low-tide mark.

In Europe Antedon often occurs similarly, and is very prone to withdraw into

deep recesses, where individuals often grow to an unusually large size.

Occurrence of comatulids on piling. In many East Indian harbors where the

water is especially pure comatulids are frequently seen clinging to the piling of the

wharves and docks, and to the chains and under sides of buoys.

In some places in the Mediterranean and on the Atlantic coasts of Europe
Antedon has been found in similar situations.

Breakwaters. It has long been known that the seaward side of breakwaters

in the Indo-Pacific region and in the Mediterranean basin is a favorite habitat for

comatulids, especially of the smaller species. The outer side of a breakwater is

quite comparable to the outer side of an exposed ledge or reef.

Occurrence of comatulids on mangrove roots. The only comatulid which Dr.

Th. Mortensen collected in the course of his investigations in Siam, Amphimetra

discoidea, was found clinging to mangrove roots.

Occurrence of comatulids on mud. Comaster novceguinem, Amphimetra dis-

coidea, and A. papuensis have been taken on muddy bottoms in sheltered situations,

a very unusual habitat for littoral crinoids.

Possible occurrence of a comatulid on sand. On the sand flat on the southern

side of Friday Island, Torres Strait, Dr. H. L. Clark picked up a specimen of

Zygometra punctata. It is not quite clear from his account whether the animal

was actually living there, or whether it had been washed up; the latter is more

probable.
Occurrence of Antedon bifida at Roscoff. The best account of the occurrence

of Antedon bifida as a strictly littoral animal is that given by Prof. H. de Lacaze-

Duthiers outlining the status of that species at Eoscoff as he knew it there.

Describing the locality he writes that the port of Roscoff, situated at the

northern extremity of a broad tongue of land which projects northward into

the English Channel between the rivers of Morlaix and St. Pol-de-Leon on the

east and the Bay of Pouldu on the west, is protected by numberless reefs, bare

at low tide, on which the zoologist can collect the most varied animal types.

Moreover, the Gulf Stream, which bathes these coasts, gives to these regions

a temperature which is in a high degree suited to the development of the animals.

To the north Bass Island, a long strip of land granitic like the other rocks,

runs east and west, forming a barrier against the waves of the open sea and pro-

142140 21 Bull. S2 40
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tecting the channel between itself and Eoscoff. As a result of these conditions

the littoral fauna is here particularly rich.

For two years in succession (in 1868 and 1869) he passed a part of the summer

engaged in zoological research in this locality, one of the richest on the French

coast.

At low tide when one goes directly northward down from the Koscoff church

to the beach one sees ahead large granitic peaks, which, never covered by the sea,

form islets even at the highest tides. At the east and at the right are the two

Bourguignons, at the west and left Green Island, and more distant in an easterly

direction some rocks covered at high tide among which are Meinanet and Rolas.

Between these reefs and in the channel the low tide exposes broad and beautiful

fields of eelgrass (Zostera) and sandy areas covered with stones, both of which are

inhabited by numerous species of animals, by a great variety of ascidians, both

simple and compound, by bryozoans, sertularians, sponges, especially calcareous

sponges, echinoderms, synaptas, lucernarians, caryophyllias, numerous actinians,

planarians, borlasias, very numerous naked and shell-bearing mollusks, etc., which

abundantly compensate the zoologist for the difficulties encountered in searching
the shores.

The two zones which the algae habitually occupy, the higher characterized by
Fucus vesiculosus and F. gerratus and the lower by Laminaria, are at Eoscoff

sharply separated by Himanthalia lorea, which in this region is used, under the

name of fiber,, as manure for vegetables. The Himanthalia zone is uncovered at the

spring tides, but is not entirely dry except at the lowest water, when the Laminaria

below is itself accessible. This description of the local conditions is necessary,

for one has no idea of the difficulties attending a zoological reconnaissance over

the rocks covered with Himanthalia until one has become entangled in these long
bundle of lacerating fronds which conceal the holes among the rocks and slip

away so easily from beneath one's feet. Almost nothing can be obtained here,

for progress is not only extremely difficult, but becomes even dangerous on account

of the numerous tumbles.

In the Laminaria zone the search for animals is at the same time easier and

more productive ;
but the point of especial interest is the presence of this seaweed

in the Himanthalia zone and the curious fact that this plant sometimes abandons

the deeper levels and rises for a considerable distance toward the high-tide mark.

At the lowest tides the water flowing from the land excavates channels in

the sandy patches and in the grassy areas, forming streamlets which are often

of considerable size and swiftness. West of Green Island and the Bourguignons
these channels are numerous, and it is in them that the seaweed ascends and where

the pentacrinoids of Antedon are found abundantly. If in these streamlets at low

tide the ramifying roots of the seaweed are detached, the bushiest ones being
chosen and pulled out close to the ground, it is almost certain in the months of

July and August and in the beginning of September that pentacrinoids will

be found.

When the roots of the seaweed are much branched the rootlets by their rami-

fications form a bushlike growth in the midst of which Antedon bifida is especially
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fond of living. Among these rootlets also ascidians, sponges, sertularians, and

bryozoans are so numerous that each root yields quite a collection in itself.

Antedon is sometimes present in such quantities that, by wrapping its arms about

them it almost by itself alone gives color to the stems, and as it occurs in all

possible sizes this seems to be a situation especially suited to its development.
With this thought in mind, Professor de Lacaze-Duthiers undertook a search

for the pentacrinoids, and his anticipations were immediately realized; even on

the beach itself he was able to collect very fine specimens. But he found it more

convenient to carry away the roots covered with Antedons and to search through
them in the laboratory with a magnifier under water. In this way he found penta-

crinoids of all ages. He kept them alive for some time, and was able to observe

their metamorphosis. They cast off the column characteristic of the crinoidal

form, became free, and mingled with the adult and adolescent Antedons, from

among which it became impossible to distinguish them.

In order to verify the observations of Sir Wyville Thomson and Dr. W. B.

Carpenter, MM. Lemire and Myevre, after having worked a long time in the labo-

ratories of Professor de Lacaze-Duthiers under his direction, both at the Museum
of Natural History and at the Sorbonne, on his advice went to Roscoff.

M. Lemire did not leave Roscoff until after the spring tide at the beginning
of October, and at that time he was no longer able to find pentacrinoids; already
in September their number had appeared to be perceptibly reduced, although a

great many Antedons could still be found. M. E. Grube, of Breslau, who had come

at the instigation of Professor de Lacaze-Duthiers at the commencement of Sep-
tember and whom he had the pleasure of conducting along the shores not only
of Roscoff but also of St. Pol-de-Leon, to which place they made numerous

excursions together, was able to confirm this.

Therefore it appears that the pentacrinoids can be found with certainty only
in the summer months.

About Roscoff pentacrinoids are very restricted in their occurrence. Prof,

de Lacaze-Duthiers in his excursions in the neighborhood of Roscoff, for example
to Kainou, a plateau of rocks situated southeast of Sainte Barbe in the river of

St. Pol-de-Leon, which is not uncovered except at the lowest tides, to the north

of Thizaouson, to the west of the fort of Perharidi and of the Roche du Loup,
never found them, although seaweed abounds at almost all these localities. The
conditions peculiar to the streamlets sheltered behind Green Island are there-

fore without doubt the most favorable for the spawning of Antedon and for the

development of the young.
Prof. Charles Gravier tells me that the relative abundance of Antedon bifida

on the French coasts is subject to great variations; in some years they are very

common, while in others they become rare.

Prof. F. J. Bell in his account of the comatulids of the Maldive and Laccadive

Islands states that they seem especially to frequent the inner ends of the passages
where they embouch into the lagoons.
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LOCOMOTION.

Dr. H. L. Clark made extensive observations on the power of locomotion

shown by a number of comatulids which he studied at Mae'r Island, Torres Strait,

and from his account the following is taken almost verbatim :

He says that to speak of the methods of locomotion in crinoids, or even in

comatulids, is like speaking of locomotion among birds, in that there is as much
difference between different kinds of comatulids as between different kinds of

birds, and as birds may either fly or run preponderatingly, so comatulids may
either commonly swim or creep.

So far as the species studied at Mae'r are concerned, the Comasteridse are

creepers, while the other families represented there are swimmers. It was a sur-

prise and disappointment to discover that none of the common comatulids would

swim, even in the deep water by the live car, so that it was not possible to make
the observations and experiments with reference to the swimming of comatulids

which he had planned. When any of the species of the Comasteridse were placed
in the water beside the live car, they invariably sank to the bottom (about 20

feet). In the case of Comatella maculata it was noted that, as a rule, the indi-

vidual would close the arms orally and vertically over the disk, so that it sank

almost like a stone. As soon as it touched bottom the arms were opened out and
the animal began to creep. In the other species, however, the arms were not

closed up, and so the comatulids floated downward to the bottom much more

gradually. With one exception, all efforts to induce swimming movements of the

arms in a comasterid completely failed.

In no case when the individual was on the bottom did mechanical stimulation

result in any attempt to swim, or in accelerated movements of any kind. Suspend-

ing specimens in the water by means of a slender thread gave no results; the arms

moved about slowly and with no coordinated effort, and with no resulting loco-

motion. Several individuals were provided with cork floats so attached as not

to interfere with their arm movements, but, with the one exception already referred

to, none of them made any effort to swim. The one exception was a small

Comatella maculata, which, after wearing the cork float in the live car for 24

hours, was dropped into deep water. It immediately began swimming, but spas-

modically and not in the beautifully coordinated manner of a Stephanometra.

Apparently these comasterids do not, under normal conditions, swim at all, but

could with sufficient effort be taught to do so.

On the other hand, all of the species of the other families of comatulids

observed at Mae'r are good swimmers and do not creep about as the comasterids

do. They are usually found at rest on the lower side of rock fragments or on
a branch of coral with the arms more or less erect, but sometimes the arms are

opened out flat against the rock. They maintain their position by means of the

cirri, with which they often cling so tightly that it is difficult to dislodge them
without damage. Under no conditions did they seek to escape by swimming, but

when once dislodged swimming seemed to be their only means of locomotion.

Placed in a basin or a deep bucket of sea water, a very slight mechanical stimulus



MONOGRAPH OF THE EXISTING CBINOIDS. 603

served to set them in motion, and swimming continued for a more or less brief

interval, varying greatly with different individuals. It seemed as though the

frequent contact with the side of the basin or pail served as a deterrent, and Dr.

Clark thinks that they would undoubtedly have gone a greater distance in open
water. Nevertheless, it was clear that the individuals observed were "

sprinters
"

and not long-distance swimmers, the movements being more like the flitting of

small birds in shrubbery than like long-sustained flight. The gracefulness and

beauty of the movements were their most notable feature, but their rapidity and

force were also remarkable.

In the 10-armed specimens swimming was accomplished by using the arms

in sets of five alternately, so that when arms 1, 3, 5, 7, and 9 were brought up
almost vertically over the disk, arms 2, 4, 6, 8, and 10 struck backward forcibly,

with pinnules fully extended, until they nearly met behind the cirri. Only a

single stroke was made, but as arms 2, 4, 6, 8, and 10 were relaxed and drawn
in and upward over the disk another stroke was made by the alternate five arms.

Of course, the movement was much more rapid than a description indicates, but

it decreased in rapidity as the comatulid became fatigued. At the start the

strokes were at the rate of perhaps 100 a minute, but they rapidly dropped to

much less than that and usually ceased altogether in less than a minute. Each

stroke appeared to carry the individual about the length of its own arms, so that

an individual with arms 50 mm. long started out at the rate of about 5 meters

a minute. But the longest distance any specimen was seen to travel continuously
was less than 3 meters.

In the multibrachiate Stephanometridse and Mariametridae the movements

were very similar, but exceedingly difficult to analyze satisfactorily. The arms

seemed to be used in sets of five in rapid succession. That is, supposing the indi-

vidual had 40 arms, the first stroke would be given by arms 1, 9, 17, 25, and 33,

followed almost immediately by 2, 10, 18, 26, and 34, then 3, 11, 19, 27, and 35,

and so on until the eight sets had been used, when the first set would come into

action again. Not so great a part of each arm is used as in the 10-arm species,

and the stroke does not carry the arm so far back, but the movements are so rapid
and the similarity of the arms to each other is so confusing that it is almost impos-
sible to feel sure that one has made no mistake in the analysis of the method of

progression. While the swimming is perhaps just as graceful as that of the

10-armed species, when contrasted with their movement it is reminiscent of "
dog-

paddle
"
swimming as compared with the usual stroke. No satisfactory data were

secured regarding the speed of, or distance covered by, the multibrachiate species.

The creeping movements of the Comasteridae are neither so graceful nor so

well coordinated as the swimming movements just discussed. The comasterids

usually live in the open spaces among branching corals or on the lower side of

large fragments of rock or coral, with their arms extended and floating listlessly

in the water. More or less constantly, but irregularly, the arms bend inward

toward the mouth, the tips just brushing the disk and the arm bases. While these

movements may be connected with feeding, it was not possible to determine what
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the connection is. One may perhaps hazard the guess that they keep the ciliated

grooves from becoming clogged up.
If the coral is broken away or the rock fragment turned over so that the

comatulid is exposed, the animal begins at once to move. In the species with well-

developed cirri, notably in Tropiometra afra, the position is maintained by means
of them, but they apparently do not play any important part in locomotion. One

might suppose that they would be of some use either in pulling or pushing, but

there never was the least indication of movement on the part of the cirri in any
of the species observed. In the species in which cirri are feebly developed or quite

wanting the position is maintained by the use of some of the arms. It seemed to

be usually the shorter arms that were so used, but under laboratory conditions none

of the arms remained still for a long period, and while it would seem quite likely

that the shorter arms are constantly used as anchors, evidence on the point is not

satisfactory.

Creeping is a rather complex movement, a combined pulling and pushing.
Certain arms, usually three or four, but sometimes as many as seven, are stretched

out to their full extent and the pinnules of the terminal portion catch hold of any
available projections. This attachment is not only by the use of the minute hooks

which are found at the tips of the pinnules, but by the remarkably viscid nature

of the secretion from the glands in their epithelium. The degree of viscidity

varies in the different species, and more or less in individuals. It is least notice-

able in Tropiometra afra, and hardly more so in Comatula purpurea. It is most

marked in ComateUa stelligera and in some individuals of Comanthus annulata.

Thanks to this viscidity locomotion is possible even on very smooth surfaces, such

as that of an enamel-ware basin. It is, however, difficult on loose sand. Rock
surfaces and tightly packed sand are the most satisfactory for permitting the

pinnules to function successfully. When the pinnules of the extended arms have

taken a hold, or perhaps while they are taking hold, three or more arms on the

opposite side of the body are drawn up in a strongly arched position and their

widespread tips are closely appressed to the bottom very near the disk. Then
when the extended arms, having secured their hold, begin to contract and pull the

animal toward the place of attachment, the arched arms begin to straighten out

and push the animal in the same direction. The result is a movement more or less

marked according to the character of the bottom and the size of tke comatulid.

The total movement may be from one-eighth to one-quarter of the arm length.

The process is continually repeated, and, with very slight resting periods, may be

kept up for hours.

Doctor Clark found that, on the whole, ComateUa maculata and the adults of

Comatula purpurea were the most active, and were rarely at rest in aquaria. A
specimen of ComateUa maculata with arms about 75 mm. long traveled approxi-

mately 85 mm. a minute and continued to go around and around a large basin for

several hours. It probably traveled about 40 meters an hour, but on a natural

surface, such as the reef would afford, it would be able to do better than that.

In comatulids with approximately equal arms there was no evidence of any
orientation, one group of arms being quite as likely to be in advance as another.
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Such individuals altered the direction in which they traveled simply by changing
the groups of arms which were to be extended.

In adult Comatula purpurea, in which the anterior arms are very much longer

than the dwarfed posterior, observations on the reef, at the live car, and at the

laboratory showed that there is more or less definite orientation. Under ordinary
conditions the long arms are extended in locomotion, and hence are anterior, while

the short arms do the pushing, and hence are posterior. The mouth is at the base

of the longer arms, and hence is at the anterior side of the disk.

If locomotion in a given direction were prevented the comatulid never re-

versed its movement, using the short arms to pull and the long ones to push, but

gradually swung itself around until ultimately the long arms were in advance. A
considerable number of experiments and observations showed that the mechanism

for orientation was not by any means perfectly adjusted, for an individual would

often go for some distance with the longest arms at one side, or only partially in

front. Nevertheless it was clear that long arms in front, short arms behind, gave
the normal method of progression.

Doctor Clark remarks it may be a fair inference that the asymmetrical condi-

tion of the arms is the result of selection, since it is possible that long arms would

be better for pulling and short stout arms for pushing ;
but it is no doubt true that

there are very diverse interpretations of the matter possible.

Locomotion in all the comatulids observed at Mae'r, whether swimming or

creeping, invariably takes place with the oral surface uppermost. If dropped in

deep water with the mouth down they commonly righted themselves before reach-

ing the bottom. If not, or if placed on the bottom with the mouth down, they

slowly but surely turned over before attempting to either swim or creep. The

process of turning over is essentially the same as in a starfish
;
that is, a group of

arms begins the task and continues gradually lifting up one side until the arms

of that side can be bent back far enough over and beyond the aboral surface to

secure a hold. Then by their pulling, and the pushing of the arms opposite to

them, the disk is righted. The process seems a tedious one and is probably not

often necessary in the normal life of comatulids on the reef.

Particularly interesting is the question of how much these comatulids move
about under the natural conditions of their life, but no satisfactory evidence

on the point was secured.

On one occasion a dozen healthy comatulids of four species were "
planted

"

on a part of the reef where no crinoids were living. Twenty-four hours later

they had all disappeared, and no trace of them could be found in the neighbor-
hood. But as there had been a strong wind and much surf during the night

they may have been simply swept away.
On another occasion 10 large comatulids were carefully located around the

margin of a rock fragment about a meter in diameter. Circumstances, including
unfavorable tides, made it impossible to visit the spot again for a week. Then
it was found that more or less sand had washed in around the rock, and the

comatulids were apparently gone, but again there was doubt what part the surf

and strong tidal currents may have played.
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Crinoids dropped beside the live car on reaching the bottom began at once

to move away and continued moving, usually in a fairly straight line, until they

reached a rock beneath which they could find shelter; but it was not possible to

determine their ultimate resting place.

Professor Semper, who while living in the Philippines kept various species of

Comastericlse in his aquaria for weeks together, informed P. H. Carpenter that he

never saw the least trace of any irregularity in the alternating movements of their

arms when swimming, which would imply that they swam more or less frequently ;

and the West Indian Comactinia and Nemaster are said occasionally to swim.

Doctor Clark also studied the locomotion of Tropiometra picta. at Buccoo

Bay, Tobago. He says that, like most of the comatulids hitherto studied, this

species is exceedingly sluggish. So far as his observations go, it never swims.

Dropped or suspended in deep water, it makes only the most feeble arm move-

ments, and unless artificially prevented it sinks rapidly to the bottom.

When, as a result of some adequate stimulus, it does move, the movement

is similar to that of Comanthus; that is, it is accomplished solely by means of the

arms, and no particular arms take precedence. In one respect the attitude differs

from that of Comanthus, for the body is much more distinctly raised. This is

obviously to keep the cirri wholly above the substratum and thus prevent their

accidentally catching on it. The movement is always slow and labored and does

not continue long. When overturned so that the cirri are uppermost a normal

healthy individual invariably rights itself at once, sometimes only very slowly

and deliberately but usually without delay. The process is, as in other comatulids,

by several arms raising up their side of the body until one or more of them, or

some of the neighboring arms, can reach over backwards and secure a hold which

will enable them to pull the body over. The cirri play no part whatever in this

process, any more than in actual locomotion; they are very inert, move slowly

and slightly, and are used only as organs of attachment, a purpose which they

serve admirably. The pinnules, even near the tip of the arm, have only weakly

hooked tips and are but slightly viscid, and it is consequently difficult for the

animal to move or even to right itself except on a rough and rather firm surface.

No individuals were seen moving about under normal conditions, but when

placed on a bare sandy bottom they crept steadily to its margin of coralline algse.

Many specimens were planted on the reef flat near the laboratory, and most of

these ultimately disappeared, but whether they crept away or were carried off by
tidal movements it is impossible to say.

On two occasions during the cruise of the Siboga in the East Indies the 10-

armed young of Comanthus parvicirra were captured at the surface once at the

anchorage off North Ubian, and once in a plankton haul on the south side of the

pearl bank in the Sulu Archipelago. It would appear, therefore, that in this

species, as apparently in all comatulids, the young are much more active than the

adults, and also that the 10-armed young of multibrachiate types are as good swim-

mers as the young of the normally 10-armed Antedoninae.
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While the Albatross was anchored off Sulu a young Dorometra nana of about

half the adult size was captured at the surface. It was said to have been swim-

ming entirely by means of its cirri, with the arms widely extended.

John Vaughan Thompson was the first to describe the locomotion of Antedon

bifida. He says that in swimming the movements of the arms exactly resemble

the alternating stroke given by the medusae to the liquid element, and has the same

effect, causing the animal to raise itself from the bottom and to advance, back

foremost, even more rapidly than the medusa. He speaks of Antedon as an animal

not only free, but leading the most vagrant life of any of the tribe with which it

has hitherto been associated by naturalists, at one time crawling about amongst
submarine plants, at others floating to and fro, adhering to thin fragments by
means of its dorsal claspers, or even swimming about after the manner of the

medusae.

But of all the naturalists who have written on these animals Thompson is the

only one who considered Antedon as normally active. All of the species of this

genus appear to agree in their habits, of which the best account is that given by
Dr. W. B. Carpenter, based upon Antedon bifida.

Doctor Carpenter says it is quite true that, as stated by Mr. J. V. Thompson,
and confirmed by Prof. Edward Forbes, an Antedon placed freely in water will

swim with considerable activity, moving back foremost by advancing five arms at

a time, and then the alternative five
;
in fact, he did not know any animal of which

the movements are more graceful than those of the feather-star. But he is quite

satisfied from repeated observations that these movements are not habitual to the

animal and are to be regarded only in the light of a restless search aftep a new

attachment, being kept up no longer than is requisite for obtaining this.

If an Antedon be placed in a large basin of sea water having smooth sides

and not containing any object of which the cirri can lay hold, the swimming
action may continue (with occasional intermissions) for several hours. But if

a rough angular stone, a seaweed, a zoophyte, a cluster of serpulee, or anything
to which the dorsal cirri can attach themselves, be placed in the basin, the Antedon

settles itself upon this, and if the attachment proves suitable the creature seldom

changes it.

Doctor Carpenter kept a number of Antedons for several weeks together in

the same aquarium without any other animals, and he observed that the places of

individuals which he could distinguish by some peculiarity of color were scarcely

at all altered during the whole period, the amount of change, in fact, being little

more than would have been exhibited by an equal number of actinians. One fine

specimen he particularly noted as having firmly attached itself by the grasp of its

dorsal cirri to the tube of a Serpula, and this it did not let go during the whole

time of its captivity.

Doctor Carpenter says that as regards the ordinary fixedness of its position

the condition of the adult Antedon only differs from that of its pentacrinoid larva

in that whereas the latter necessarily remains fixed to the spot to which the base
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of its pedicel was originally attached, the former can quit its hold when its attach-

ment is no longer suitable to its requirements, and can move from place to place in

search of another. How intimate, moreover, is the fundamental relation between

the dorsal cirri of the adult Antedon and the column of its pentacrinoid larva

further appears from the fact that the cirri only make their appearance in the

later part of the pentacrinoid stage in preparation for that detachment of the

crown from the column which thenceforth changes the condition of the animal from
the fixed to the free.

Doctor Carpenter summarizes the results of his observations as follows: The
life of the adult Antedon is habitually passed (I feel justified in asserting) so

nearly in the same degree of fixedness as that of its pentacrinoid larva that it may
almost equally be regarded as representing the life of the typical Crinoidea. If

the creature ever quits its attachment, save on account of the unsuitableness of its

position, it is probably during the period of sexual activity, at which it seems more

frequently errant than at any other stage of its life except the earliest.

Mr. Herbert C. Chadwick, who has enjoyed altogether exceptional opportuni-
ties for observing Antedon bifida at the Isle of Man, agrees with Carpenter. He
says that Antedon is not usually an active animal; by means of its cirri it clings

tenaciously to stones, algae, hydroids, etc., the arms being widely spread hori-

zontally, with the tips more or less flexed toward the disk. When disturbed it

swims actively and with strikingly graceful movements, the two arms of each pair

being invariably flexed and extended alternately.

He also says that it is often found clinging by means of its cirri to the wicker

creels used by fishermen for the capture of lobsters and crabs. The fishermen state

that specimens are always more numerous on the creels after stormy weather.

In a letter to Mr. Frank Springer, dated September 6, 1900, Mr. Alexander

Agassiz wrote:

I take it you know that Comatulse are excellent swimmers, striking out with their arms

and moving about from point to point in Oorgonia groves. It is not uncommon to see a number

swimming in a school among the Oorgonias.

In a letter to Dr. H. L. Clark, Dr. L. E. Griffin, of the Bureau of Science,

Manila, said:

I saw in Science that you discovered crinoids swimming at Mae'r. One I sent you from

Oulion was a very active swimmer and lived among the eelgrass. We have often seen them

swimming in the Philippine Islands.

In recently captured individuals of Antedon adriatica Reichensperger in rare

cases observed a sort of slow progress by means of slow movements of the cirri,

assisted by similarly slow movements of the arms. The tracks made by the cirri

in fine sand were afterwards clearly visible.

In 1866 Jeffreys mentioned that specimens of Leptometra celtica had been

found clinging to the rope of a dredge some distance above the end, and in 1895

Bather suggested that these individuals may have been swimming about and there-

fore may have attached themselves to the rope as it passed by.
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NOTES ON THE HABITS OF ANTEDON.

Prof. A. Milnes Marshall, who studied Antedon mediterranea at Naples, says

that the normal position of the animal is a fixed one, the animal being attached by
the cirri to some foreign body and the arms spread out horizontally with their tips

slightly flexed. The oral pinnules are bent over the disk, crossing one another above

it; the other pinnules are spread out nearly at right angles to the arms. In an

aquarium containing a large number of specimens the great majority will be found

attached either to the bottom or sides of the tank with the oral surface directed

either upward or more or less obliquely ;
some specimens, however, are almost cer-

tain to be found, if there be foreign bodies in suitable positions for attachment,

inverted, with the oral surface downward. A comatulid when attached exhibits

very little tendency to alter its position, and may remain fixed in the same place

for weeks. If detached, either spontaneously or by force, it can, and usually does,

swim actively until it reaches a suitable place of rest to which it anchors itself by
its cirri. The normal swimming movements, which are peculiarly graceful, consist

in strong flexion of the proximal half of the arm, which is raised vertically over

the disk, and then extension of the whole arm, the distal half of which is thrown out

something like a whiplash. During flexion the pinnules are folded alongside the

arm, during extension spread out so as to expose as great a surface as possible.

Usually two or three arms are raised simultaneously, sometimes as many as five,

but the only rule seems to be that the two arms of each pair are always flexed

alternately. When the animal is attached the arms exhibit but very slight move-

ments
; they are usually spread widely out, apparently to expose as large a surface

as possible. If an animal be detached and placed with the oral surface downward

it will right itself almost at once. If the surface on which it is placed be a rough
one the righting movement is effected in a few seconds, or almost instantaneously.

In a glass vessel it takes longer to perform, though never over two minutes in an

active individual.

In regard to the ordinary condition of the arms of Antedon bifida W. B. Car-

penter noted that there is much the same variety as is seen among actinians with

respect to the expansion of their tentacles. Sometimes the arms and their pinnules

are stretched out quite straight to their full length, and almost entirely in the same

plane, so as to present an appearance of rigidity, while sometimes, still remaining

fully extended, they are more or less closed together so as to give their whole ex-

panse the shape of a funnel more or less deep with the central disk at its bottom.

More commonly, however, some of the arms curve either obliquely or toward the

ventral surface, and this ventral curvature may be so great that the arm forms a

spiral, which reminds the observer of the unfolding frond of a fern. Occasionally
all of the arms are seen to be thus coiled, so that the diameter of the animal is

reduced to not more than one-third of that which it has when the arms are fully

extended. In no instance did Carpenter see the arms more than slightly curved

dorsally.

"W. B. Carpenter noticed that if one of the middle or outer pinnules of any arm
be irritated by the contact of a rod, such irritation merely produces a languid

wavy motion of the arm thus acted on, which may extend itself to others if the
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irritation be repeated or prolonged ;
but if the rod be made to irritate the long basal

pinnules all the arms (if the animal be in full vigor) immediately close together
with an energy and consentaneousness that are seen in no other movement.

W. B. Carpenter believed that the ordinary pinnules are especially related to

the function of respiration, while the oral pinnules are sensory protective organs.
Perrier says that in keeping Antedons alive it is necessary to take care to place

in the basins rough bodies or twigs, or floating fragments of seaweed, to which

they can attach themselves. If this is not done the individuals will attach them-

selves to each other and become hopelessly entangled, so that their movements
result in mutilation and the consequent mortality may be serious. Moreover, it

becomes impossible to remove the dead ones, which become foci of infection.

By taking these precautions and changing the water in his basins carefully

morning and evening, Perrier was able to keep at the same time in the same basin

about 50 Antedons in good health.

The young pentacrinoid larvae accustom themselves to captivity quite as well

as the adults.

Perrier says that the rolling up of the arms in Antedon bifida is an indication

of sickness. When the animal is in good health it is generally expanded, and it

does not roll up its arms except momentarily when it is disturbed. It likes occa-

sionally to leave the stem upon which it is seated and to swim about with con-

siderable agility, by means of its arms, which, like graceful oars, alternately strike

the liquid.

When a comatulid has remained with its arms rolled up for some days one

may be sure that they will soon drop off. Perrier frequently saw animals, still

alive, on which there no longer remained a single arm. Such extensive mutilation

soon results in death.

Studying Antedon adriatica in the aquaria of the zoological station at Trieste

Seeliger found that the spermatozoa are ejected in such quantities that only a few

males are able to becloud a very considerable amount of water. The release of

the spermatozoa is immediately followed by the extension of the eggs, which never

appear at any other time.

At Naples Bury found that the eggs of Antedon mediterranea are always laid,

until late in the season, in the morning, probably not much before 8 o'clock. They
are attached in masses to the pinnules by a sticky secretion, which makes it ex-

tremely difficult to detach them without injury. Each ovum is about 0.3 mm. in

diameter and pink in color, and each is inclosed in a transparent and close-fitting

vitelline membrane.

At Trieste Seeliger noted that the extrusion of the genital products of Antedon

adriatica always takes place at a very definite hour, about 7 o'clock in the morning.
Perrier remarked that among the comatulids (Antedon moroccana) sent him

from Algiers all the embrj'os on all the pinnules of a given mother were at the

same developmental stage.

Barrois visited Toulon for the purpose of obtaining a series of embryos of

Antedon mediterranea of all stages. He collected a large number of animals

with embryos, and the next day discovered to his surprise that all the embryos
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represented a single stage. A short time afterwards he revisited Toulon, and

this time he found that the comatulids all bore embryos at the same stage, which

were much less developed than the others.

Observation of some comatulids in live cars at Villafranca showed that it

was rarely an opportunity offered to secure an isolated breeding animal, even at

the height of the breeding period. Two weeks would pass without any of the

animals breeding, but when one extruded its eggs the others generally followed.

There were therefore general breeding periods, followed by shorter or longer

periods of inactivity, during which none of the animals bred.

At Naples Bury found that often several weeks would elapse without a single

fertilized ovum being obtained, and then suddenly several adults would be brought
in on the same day, each with a number of eggs on almost every pinnule.

Seeliger found that in Antedon adriatica all the larvae of a given mother are

in the same developmental stage, this being particularly true in the earlier stages,

and that usually all of the larvae are liberated at the same time, about 124 hours

(four hours more than five days) after fertilization, no embryos remaining behind

undeveloped. But occasionally only a part of the larvae leave the pinnules, the

remainder following little by little until the seventh or even the eighth day,

although on the fifth day the stage of development of all the embryos had shown
but slight variation.

For Antedon mediterranea Barrois and Bury give the length of embryonal
life as seven days. Sir Wyville Thomson records that of Antedon bifida as of

from three to four days' duration.

The length of the free-swimming period is subject to much greater variation.

Under unfavorable conditions a female after the breeding period may lose the

genital pinnules, parts of the arms, or even entire arms. Normally, however,
this self-mutilation never occurs, the female remaining quite intact. This loss

of pinnules and arms takes place especially in a deficiency of oxygen.
Sir Wyville Thomson said that the larva possesses all the pecularities of

the sarcode organisms among the Protozoa and the lower forms of the ccelenterates.

Its external surface is richly ciliated and if lightly touched with a bristle it moves

off rapidly by means of these cilia in a direction opposite to the touch, giving
evidence of a high degree of irritability and power of automatic motion without

the slightest trace of a special nervous system.

Seeliger found that larvae of the earlier fixed stages do not react to external

irritation, which agrees with his observation that no nervous system can be

demonstrated histologically. He notes that the nervous system of the young
stalked larva as demonstrated histologically does not suffice to explain its move-

ments under external irritation. Contraction of the calyx results not only from

touching the tentacles or disk, where nerve branches can be demonstrated, but

also from irritation of the aboral surface and of the stem where no nerve fibers

have as yet been found.

Bather in 1894 mentioned "floating colonies" of Antedon bifida. In the

following year
"
Paddy from Cork "

criticized Bather's "
floating colonies

" and

stated that this species lives clinging in numbers to stones below the low-tide mark.
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He says also that it swims with medusa-like contractions. Bather immediately

replied, calling attention to its gregarious habits and its power of flotation or

movement from place to place.

Perrier says that at Roscoff Antedon bifida is easily procured at the spring
tides. It inhabits the entire region opposite Isle Verte, between that island and

Isle de Bas, as far to the east as to the west. To the eastward Professor de Lacaze-

Duthiers showed them to Perrier in 1870 literally covering the stalks of the sea-

weeds. In that year Perrier found them also to the west, but less abundant, almost

opposite but a little to the left of the black beacon of Per-Roch. In two tides

Perrier secured there almost 300, without counting a quantity of young in all

stages of development, including pentacrinoids. Antedon bifida is very abundant

only below the Himanthalia lorea zone, attached to seaweeds or to the brown
and curled fuci which abound at the lower edge of the seaweed zone.

Perrier records that sometimes individuals of Antedon bifida, almost always
of large size and of a very bright carmine, are found under stones which have

been turned over in a search for other animals.

FOOD.

|

Duchassaing records that the stomach contents of a specimen of Isocrinus

decorus which he fished up in relatively very shallow water at Guadeloupe, French

West Indies, consisted only of the remains of small crustaceans.

Bronn, summarizing previous accounts, wrote that the stomach contents of

Isocrinus were made up of the remains of small crustaceans, while those of the

comatulids consisted of diatoms such as Navicula, Bacillaria, Actinocyclus, and

Coscinodiscus, of Tethya, and of many types of entomostraca.

W. B. Carpenter said in 1866 that in the very numerous specimens of Antedon

bifida from Arran, of which he examined the contents of the digestive cavity, he

never found anything other than microscopic organisms, and the abundance of the

horny rays of Peridinium tripos made it evident that in this locality that organism
is one of the principal articles of food. But in specimens from other localities

he found a more miscellaneous assemblage of alimentary particles, the most com-

monly recognizable forms being the horny casings of entomostraca or of the larvae

of higher crustaceans.

In his account of Hyponome sarsii (the visceral mass of Zygometra micro-

discus) Loven states that in the ambulacral grooves he found masses consisting of

minute crustaceans, larval bivalves, and other remains of food.

In 1876 W. B. Carpenter wrote that the contents of the alimentary canal of

Antedon bifida both in the pentacrinoid stage and in the adult consists of minute

entomostraca, diatoms, spores of algae, etc., but especially in his Lamlash speci-

mens of Peridinium tripos, which was usually very abundant in that locality.

He also notes that the contents of the alimentary canals of the various types
of existing pentacrinites examined by him are of the same nature.

P. H. Carpenter says that the food of a crinoid is considerably varied in its

nature, according to the character of the sea bottom on which it lives. The horny

casings of entomostraca and the larvae of larger Crustacea are frequently to
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be found in the digestive tube, together with the frustules of diatoms, spores of

algae, etc. In sections of Bathycrinus, Rhizocrinus, Isocrinus, and Endoxocrinus

from deep water the silicious skeletons of radiolarians may be found in consider-

able abundance and variety. Foraminifera, too, form a staple article of food for

these deep-sea species, for he frequently found Globigerina, Biloculina, and other

types beneath the covering plates of the food grooves on the arms and pinnules,

while the remains of their sarcode bodies occur in the intestines of decalcified

specimens.

Seeliger believes that he recognized in the earliest food of the larvae half

digested infusorians and different pelagic larvae.

Bury found the stomach of the early pentacrinoids so filled with diatoms that

the cutting of sections was rendered very difficult.

Dr. Edwin Kirk states that in the case of a number of specimens of C'omanthus

japonica which he examined the contents of the intestine were almost wholly com-

minuted animal matter.

At Maer Island, Torres Strait, Dr. H. L. Clark examined the stomach contents

of four comatulids (species undetermined). He found that in each case the

greater part of the food material was green algse, chiefly unicellular, though some

linear forms (thread algse) were also noted; a few diatoms were detected, and

some foraminifera. In one of the stomachs several radiolarians were seen, in

another a piece of a red alga, and in a third some fragments of minute crustaceans.

Doctor Clark also examined the stomach contents of Tropiometra picta at

Tobago, which he found to consist of a mixture of vegetable and animal food, the

former predominating. The plants were diatoms and unicellular green algse, with

occasional fragments of seaweeds; of animals, crustaceans were most frequently

noted, but a few foraminifera were also seen. The crustaceans were minute

amphipods, copepods, and crab zoseas.

Dr. Th. Mortensen found that a relatively large percentage of the penta-

crinoids of Isometra vivipara have in their stomachs the half-digested, but still

perfectly recognizable, remnants of larvae; he even found very young penta-

crinoids with the vestibule recently ruptured and the arms not yet developed with

embryos almost as large as themselves in their mouths.

He remarks that, on account of the large number of pentacrinoids found

attached in clusters to the tips of the upturned cirri as many as 99 in one speci-

men this danger to the embryos is very real, and probably quite a large number of

them perish in that way.
PARASITES AND COMMENSALS.

A very large number of organisms belonging to very diverse groups are found

more or less intimately associated with the crinoids. The relation between these

types and the crinoid hosts runs by imperceptible gradations all the way from

true parasitism, in which the organism feeds directly upon the body tissues or

fluids of the host, to the most casual or accidental association.

The animals associated with the crinoids may be grouped as follows :

I. True parasites : Animals which (1) live upon the tissues or body fluids of the

crinoids and occur either (a) internally or (b) externally; (2) occur internally,
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though not feeding directly upon the tissues of the host; or (3) while living

externally upon the surface of the body and not feeding directly upon the tissues

or fluids of the host are more or less permanently fixed in position and cause more
or less extensive malformations, sometimes becoming encysted.

1. Animals which live upon the tissues or the body fluids of the crinoids.

(a) Internally:
Undetermined internal worm ( ?myzostome) in the ovary.
Parasitic worm of doubtful affinities.

(b) Externally:

Laphystiopsis iridometrce. Sabinetta ptilocrinicola.

Parasitic Ostracod. SabineUa capillastericola.

Collocheres gracilicauda. Sabinella, spp.

Stilifer bathymetrcB. Melanella capcnsis.

Stilifer, spp. Melanella, spp.

Stylina comatulicola, Hemispeiropsis antedonis.

2. Animals which are internal, though not feeding directly upon the tissues

of the host :

Enterognathus comatulce. Holotrichous infusorian.

Certain myzostomes.
3. Animals which, while living externally upon the surface of the body and

not feeding directly upon the tissues or fluids of the host, are more or less perma-

nently fixed in position and cause more or less extensive malformations, sometimes

becoming encysted.

Many myzostomes.
II. Semiparasitic Commensals: Animals which feed upon minute organisms

and have to a greater or lesser extent adopted the habit of sucking up the food

particles from the streams flowing down the ambulacral grooves of the crinoid to

the mouth, or of temporarily entering the digestive tube and feeding upon the

contained matter :

Synalpheus comatularum. Cirolana lineata.

Synalpheus stimpsonii mdldivensis. Cyclotelson purpureum.

Synalpheus carinatus bmongcensis. Undetermined crustacean.

Synalpheus brucei. fOphiactis delicata.

Synalpheus, spp. Ophiomaza cacaotica.

Periclimenes commen-salis. Ophiomaza cacaotica var. picta.

Periclimenes cornutus. Ophiomaza obscura.

Periclimenes ceratophthalmus. Ophiomasa cataphracta.

Periclimenes brocketti. Ophiomaza mcerens.

Periclimenes pottsi. Ophiocc.thwps unicolor.

Pontoniopsis comanthi. Ophio&thwps clegans.

Galathea elegans. OphiophtMrius actinometrce.

Galathea inflata, Ophiosphaera insignis.

Galathea minuta. Polynoe. minuta ocvlaka.

Anilocra, sp. Polynoe crinoidicola.

Most myzostomes.
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III. Nonparasitic commensals: Animals which, while usually, or commonly,

found living upon or among the crinoids, lead an entirely independent existence,

and for the most part are found living under similar relations with other organisms :

Hippolyte, sp. Scalpeltum, spp.

Scalpellum album. Verruca nitida.

Scalpellum balanoides. Verruca, spp.

Scalpellum diceratum. Pachylasma crinoidophilum.

Scalpellum. gonionotum. GemeUaria loricata.

Scalpellum pentacrinarum. Loxosomella amtedonis.

Scalpellum weltnerianum. Rhabdopleura mirabilis.

Parasitic hydroid.
IV. Casual associates : Animals which normally occur hiding among, crawling

over, or attached to other usually arborescent organisms, from which they may
or may not derive nourishment, or which normally occur attached to any avail-

able support, and which occasionally stray among or upon, or attach themselves

to, the crinoids but remain otherwise entirely independent of them :

Small fishes. Other ophiurans.

Many crustaceans. Certain pelecypods (Avicula, etc.).

Certain ascidians. Serpulidae.

Astrogomphus vallatus. Calycella syringa.

Asteroporpa annulata. Stegopoma fastigatum.

Sigsbeia murrhina. Cuspidella, sp.

Ophiacantha, spp. Lafoea fruticosa.

OpJiiolebes scorteus. Other hydroids.

Ophiocoma, sp. Certain sponges.

Ophiopholls mirabilis. Truncatulina lobatula.

fOphiactis, sp. Polytrema miniaceum.

Ophiomusium, sp. Other foraminifera.

As in the case of the other arborescent marine types, and in general among
the animals that live by filtering the microplankton from the sea water, the

crinoids are chiefly subject to indirect parasitism; that is to say, the creatures

depending upon them for their existence appropriate the food particles which the

crinoids have collected in the ambulacral grooves, or even which they have

swallowed, instead of consuming the tissues or body fluids directly. Of the

animals which derive a part or all of their nutriment from the body, or from the

efforts, of the crinoids, about 10 per cent are directly parasitic, and about 90 per

cent are indirectly parasitic, in varying degrees.

There is a curious and interesting correspondence between the relations of the

fixed marine organisms (including the crinoids) and their parasites and com-

mensals and those between parasitic and epiphytic plants and their hosts. The

barnacles, most hydroids, polyzoans, etc., correspond very closely to the epiphytic

plants, especially those of the families Orchidacese and Bromeliacese. Rhabdo-

pleura and certain hydroids are quite vine-like in habit, ascending crinoid stems

as vines do the trunks of trees. Most parasitic plants appropriate the unelaborated

sap of the host and convert it to their own ends
;
most parasites of the fixed marine

organisms in the same way appropriate the concentrated but undigested micro-

plankton in or approaching the stomach of the host. On land most animals are

142140 21 Bull. 82 41
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parasitized by animals of an inferior organization; but among the fixed marine

animals the parasites for the most part belong to a phylum with a superior organ-

ization, and sometimes even to the same phylum (ccelenterates parasitic on ccelen-

terates, crustaceans parasitic on crustaceans, ophiurans parasitic on crinoids, etc.).

The relations between the fixed marine animals and their parasites are thus more

nearly the same as those between parasitic flowering plants and their hosts. On
land the various animal groups are definitely parasitic or nonparasitic ;

but many
plant families, such as the Scrophulariacese, Santalacese, etc., and even many single

genera, such as Pedicularis, Melampyrum, Gerardia, etc., include both parasitic and

nonparasitic species, just as do many families and genera, such as Synalpheus, Peri-

clim.enes, etc., occurring with the fixed marine animals.

Of the animals which are parasitic on the crinoids, nearly all may be de-

scribed as casual parasites, for they belong to genera or families other repre-
sentatives of which are nonparasitic; that is to say, they are merely particular

species which have found an easy existence in preying upon the crinoids, though
this mode of life has not induced any special modification of their structure.

The three types which are of especial interest are: (1) The gasteropods (Stili-

fer, Stylina, Sabinella, and Melanella), (2) E'nterognathus, and (3) the myzostomes.
The family Melanellidse, to which Stilifer, Stylina, Sabinella, and Melanella be-

long, includes species showing all gradations between free-living nonparasitic types
and shell-less parasites living entirely within the body of the host. As parasites the

Melanellidae occur only upon the echinoderms, where, however, they are found on

species of all the classes. Most of the parasitic forms, including all of those

occurring on the crinoids, are characterized by extraordinarily delicate shells.

Some of the species are permanently fixed in one position on the body of the host,
but others, including all those found upon the crinoids, appear to move about

and to bore into different parts of the host. It is not a little curious that, apart
from Mel-d'riella capensis and Stylina comatulicola, all the species parasitic on the

crinoids are always attached to the calyx plates, or to the cirrals, brachials, or

pinnulars, instead of to the soft ventral integument.

Enterognathus occurs only in crinoids, but the family to which it belongs is

well known as a parasite (or commensal) of the tunicates, most of the species

living in the branchial chamber of these animals.

The myzostomes form a group of very highly specialized polychsete annelids

and are the chief parasites of the crinoids, to which animals they are almost

exclusively confined. On the crinoids they are, with one possible exception, always
ectoparasitic, though they may form soft or calcified cysts within which they are

almost completely isolated from the outer world. An organism, possibly a myzo-
stome, has been reported by Mortensen in the ovarian cavity of Notocrinus mrilis.

If this really is a myzostome, which is not unlikely, as similarly endoparasitic

species occur in starfishes (Asterias, Stolasterias, and Ceramaster) and astrophy-
tons (Gorgonocephalus eucnemis and G. arcticus), we find in the crinoids (in
accordance with Wheeler's classification) five groups of myzostome species, as

follows :

I. Wandering species, which move about freely and actively over the body of
the host, as Myzostomum cirriferum.
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II. Sedentary species, which rarely, if ever, leave the spot where they have

settled, as M. parasitwum.
III. Cyst-producing species, which cause the formation of galls or swellings on

the disk or arms, as M. cysticolum.
IV. Entoparasitic species inhabiting the digestive tract, as M. pulvinar.

V. Entoparasitic species living in the ovaries, as Protomyzostoma polynephris.

Thus in the crinoids we find a single group of animals, which, broadly speak-

ing, play the part of the fleas, lice, jiggers and bots, intestinal worms, and flukes

combined as we know them among the land vertebrates.

In the vertebrates the blood, with its multitudes of red corpuscles which when

destroyed are promptly and continuously renewed, is the logical food of practi-

cally all the parasites which do not inhabit the intestinal canal. The dilute blood

of the crinoids, without structures corresponding to the red corpuscles, has none of

the features which make the blood of the vertebrates such a rich reservoir of con-

centrated food. But the uncountable myriads of minute organisms flowing con-

tinuously downward along the ambulacral grooves and into the mouth form a

stream of nutrient fluid in many ways analogous to the vertebrate blood stream,

and it is from this source that the myzostomes, as well as most of the other para-

sites, derive their subsistence.

The species in each group parasitic on the crinoids in those cases in which

our information is sufficient to permit us to speak with a reasonable amount of

certainty follow bathymetrically and geographically the distribution of the classes

to which they belong quite regardless of that of their hosts, and apparently, except-

ing possibly in the case of Stelechopus, the most primitive of the myzostomes

parasitic on the most ancient of the recent crinoids, there is not the slightest

correlation between the systematic position of the parasite and that of the crinoid.

The following are known as parasites on criuoids only in the Indo-Pacific

region :

Parasitic internal worm. Anilocra.

Laphystiopsis. Cirolana,

Parasitic ostracod. Cyclotelson.

Sabinella. Ophiactis.

Synalphem. Ophiomaza,

PericUinenes. Ophiowthiops.

Pontoniopsis. Ophiophthirius.

Galathea. Ophiosphcera.

Polynoe.

though Laphystiopsis, a parasitic ostracod (on fish), Sabinella, Synalpheus,

Periclimenes, Galathea, Anilocra, Cirolana, Ophiactis, and Polynoe also occur in

the Atlantic.

The following are known as parasites on crinoids only from the Atlantic:

CoHocheres. Hemispeiropsis.

Stylina. Enterognathus.
Holotrichous infusorian.
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but all of these are small and must be especially searched for ; probably all occur in

the Indo-Pacific.

From the Antarctic only we know Mortensen's parasitic worm of doubtful

affinity ;
but only Notocrinus virilis offers a suitable habitat for it.

Thus while the myzostomes occur wherever crinoids are found, the majority
of the other parasites and commensals on crinoids are confined to the Indo-Pacific

region, though many are very closely related to nonparasitic Atlantic species.

The chief reasons for this are probably the absence of a richly developed

littoral crinoid fauna in the tropical Atlantic comparable to that in the Indo-Pacific

region, and the plating of the ambulacra in most of the tropical Atlantic types,

including the littoral species, which renders them unavailable as a source of food to

most of the parasitic forms.

Many of the species of myzostomes have a much more extended geographical,

bathymetrical, and thermal range than any known crinoid genus, or even family.

Thus Mysostomum gigas occurs in the Arctic on Heliometra, and in the tropical

littoral in Brazil on Tropiometra; M. cysticolum occurs in the tropical littoral in

Brazil on Comactinia, in the Gulf of -Alaska in 159 fathoms on Florometra., in

southern Japan on the species of Calometridse, and on the shores of the Antarctic

continent in 500 fathoms on Anthometra; M. vastum occurs in the Caribbean Sea

on Comactinia, and in southern Japan on Comanthus; M. excisum occurs in Florida

on Coccometra, and in Mauritius on "Antedon impinnata"; M. inflator occurs at

Barbados on Neocomatella, and at the Kei Islands on Adelometra; M. carinatum

occurs in the Caribbean Sea, at Mauritius, and in the Moluccas: M. elegans occurs

in Florida and in the Philippines; and M. murrayi occurs at the Kermadec and

Kei Islands, and at St. Vincent, West Indies. Myzostomum japonicum ranges
from 52 to 943 fathoms, and M. cornutum from the shore line in the Philippines
down to 775 fathoms off southern Japan.

Generally speaking, the range of SynalpJieus comatularum, Galathea elegans,

Ophiom-asa cacaotica, and the parasitic Polynoe coincides with that of the large

East Indian comasterids among which they live.

Laphystiopsis is interesting in being represented by two very closely related

species one from the China Sea, parasitic on comatulids, the other from Norway,

possibly parasitic on fish.

Of the gasteropods Stilifer occurs in the Pacific on Bathymetra and in the

Atlantic on Bythocrinus, ranging from 237 to 1,772 fathoms; Melanella occurs in

South Africa on Annametra, in the West Indies on Orinometra, and off Nova
Scotia on RMzocrinus, ranging from the shore line to at least 218 fathoms; and

Sabinella occurs at Ceylon and Singapore, and off the Queen Charlotte Islands,

ranging from the tropical littoral to 1,588 fathoms.

It is interesting to note that, with the exception of the myzostomes and the

gasteropods, the great majority of the organisms which are directly or indirectly

parasitic upon the crinoids are confined to the littoral zone.

The reason for this is probably to be found in the development of side plates
and covering plates along the ambulacra of the pinnules, arms, and disk in most
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of the crinoids from intermediate and great depths, which enable the animals to

convert the ambulacral grooves into closed tubes, and more or less completely to

close the mouth, and prevents the appropriation of the food particles by such types

as Synalpheus, Periclimen-es, Pontoniopsis, Galathea, Anilocra, Cirolana, Ophi-

actis, Ophiomasa, Ophiocethiops, Ophiophthirius, Ophiosphcera, or Polynoe.
The myzostomes have developed means of avoiding this difficulty, such as

boring into the animal by the side of the ambulacral groove and causing the forma-

tion of a cyst in which they live, while the gasteropods bore into the body of the

crinoid anywhere and feed upon the tissues.

The larger commensals living on the crinoids are usually striped or banded,
and resemble them more or less closely in color, though in many cases the closely

related noncommensal species are quite plain. This may or may not be the case

with the myzostomes.
In regard to the parasites and commensals of the comatulids there is one

curious feature which stands out very prominently the majority of the records,

especially of the larger and more vigorous types, are based upon species of the

family Comasteridse.

The large species belonging to the family Comasteridse are probably the most

highly specialized of all the comatulids. They almost, or even quite, completely
lack an adambulacral skeleton; the cirri tend to disappear; the central organ is

reduced to a minimum
;
the radials are reduced to a minimum

;
the arms in length,

size, or number are developed to the maximum, and are extraordinarily tough ;
the

pinnules bear peculiar and highly specialized terminal combs; the digestive tube

makes about four complete turns instead of only slightly more than one
;
and the

average size is very large.

In the Comasteridae, therefore, we have what appears to be an overspecialized

group consisting chiefly of giants which are relatively helpless; their ambulacral

grooves can not be closed; they can not, to rid themselves of parasites, readily

cast off their arms or their disks; and they can not swim away from an infested

locality. As a natural result they are attracting to themselves as parasites repre-

sentatives of many types Avhich are quick to adapt themselves to any advantageous
new conditions. If this process is continued much further it will mean the disap-

pearance of the dominant comatulids of the Indo-Pacific and north Australian

reefs, and the reduction of the Comasteridae to small and generalized primitive

types resembling such genera as Comatonia, Comatilia, and Comatulides.

The more or less sudden extinction of highly specialized giants has occurred

over and over again in past ages, and the incipient disappearance at the present

time of such types as the elephants, camels, bison, rhinoceroses, tapirs, and whales,

as well as the giant tortoises, sea turtles, and giant lizards, is patently evident.

In these cases man is the aggressor, and the process has in recent years been

retarded by the enforcement of restrictive laws. But with the Comasteridae we
see the same thing working out in nature, probably just as it did in past ages,

through the convergence of a progressively increasing number of parasitic types

upon a relatively helpless group.
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The modern method of distributing the material brought up by the dredge
or gathered by shore collectors immediately among the different phyla represented,

resulting from the almost complete extinction of the " naturalist
" with a broad

zoological knowledge and the appearance of the "
specialist

"
interested only in

some one circumscribed group, has rendered exceptionally difficult the study of

the ecology of the various marine types. One is constantly reading descriptions
of new species which are undoubtedly commensals, in which not the slightest

reference is made to any host. Any collection of crinoids received from the East

Indian region is certain to include not only myzostomes, but also many other

commensals preserved with the crinoids, and the liaison between the latter and the

animals in the containers with them should never be broken until it is definitely

determined whether or not there is an ecological relationship between them.

The development of the study of the commensals found with the crinoids has

been largely by a series of short notes casually intercalated in papers dealing with

crustaceans, ophiurans, annelids, etc., in which a species is said to have been found,

upon a oomatulid, but there are a few records of commensalism properly identified

as such.

In a letter written during the cruise of the Challenger by R. von Willemoes-

Suhm, one of the Challenger party, to Prof. C. Th. E. von Siebold, and published

by the latter in 1876, Willemoes-Suhm says that in 1874 in the Arafura Sea he

once examined 80 specimens of a large comatulid and found on about every tenth

one a myzostome, the largest he had ever seen. The myzostomes lay or crawled

snake-like on the calyx, but seldom in the ambulacral grooves of the arms. Usually
there were two or three large ones, and with them a smaller. All these myzostomes

were, like the comatulids themselves, mottled with black and white, and all the

other parasites of the comatulids showed the same coloration. The other parasites

were first, ophiurans clinging to the calyx; second, small aphroditaceans ; third,

amphipods which had bored into the disk; and fourth, an apheid. Including the

myzostomes, there were thus five parasites on this very large comatulid.

The large black and white comatulids were probably Zygometra microdiscus

or Z. elegans. Carpenter and Potts have suggested that Comatula rotalaria and

C. Solaris were probably the species in question, but neither of these was taken at

the station in the Arafura Sea, and neither is ever black and white. The myzos-
tomes were Mysostomum horologium, the ophiurans were Ophiomaza, the aphro-
ditaceans Polynoe, the amphipods probably Laphystiopsis, and the alpheids

Synalpheus.
In his account of Alpheus comatularum published in 1882 Prof. William A.

Haswell states that they were invariably found clinging to the arms of a species

of comatulid to which their markings gave them a general resemblance. Other

commensals of these comatulids were Galathea deflexifrons, and an undescribed

species of cymothoid, the latter usually ensconcing itself in the alimentary canal

of its host, in which it remained buried with the exception of the anterior third

of its body.
In his monograph on the stalked crinoids, published in 1884, P. H. Carpenter

mentions as internal parasites of the group the suctorial crustacean described by



FIGS. 942-949. PARASITES AND COMMENSALS OF CKINOIDS. 942. GALATHEA BLEOANS (AFTER VOTTS).
943. SYNALPHEUS COMATDLAEUM (AFTER POTTS). 944. PONTONIOPSIS COMANTHI (AFTER POTTS). 945.

CYCLOTBLSON PURPDREUM (AFTER POTTS). 946. ClROLANA LINBATA (AFTER POTTS). 947. SCALPBLLDM
DICBRATDM (AFTER PlLSBET). 948. SAME (AFTER PlLSBRY). 949. SCALPELLUM PENTACRINARUM

(AFTBR PlLSBRI). 621



622 BULLETIN 82, UNITED STATES NATIONAL MUSEUM.

his father, an isopod of the genus Anilocra with similar habits, an undetermined

crustacean sometimes found encysted in the disk of Heliometra glacialis, and an

internal worm which he discovered in Comanthus parvicirra.

Regarding external parasites and commensals he cites the myzostomes, and

gives ophiurans, aphroditaceans, amphipods (which he erroneously regards as

the same as the isopod found by himself), and alpheids on the authority of von

Willemoes-Suhm.

He further states that he has frequently found ophiurans entangled in the cirri,

which he regards are probably accidental, and once an ophiuroid pluteus attached

to a stem fragment of Metacrinus, while small bivalves, sertularian hydroids,

bryozoans, tubicolous annelids, and corals may be attached to the column of the

stalked types, not for any special nutritive purpose, but simply because the larvae

had to find a resting place somewhere. Various species of cirripeds are also fre-

quently met with on the stems and cirri of the pentacrinites.

He mentions Stylina on Antedon mediterranea, and says that Rhizocrinus

lofoten-sis is often similarly infested with two or three small shells of StUifer,
which bore comparatively large holes in its calyx. He notes Truncatulina lobatula

as abundant on the cirri of certain arctic comatulids which he examined, and Poly-
trema miniaceum as common on the columns and cirri of certain pentacrinites

dredged by the Challenger in the East Indian region.

Alcock in 1902 wrote:

I have already mentioned the sea lily, striped in alternate bands of yellow and purple, on

whose fronds similarly striped crustaceans live without fear of detection; here we found the

same sea lily giving secure shelter to sea worms, banded yellow and purple like itself.

In 1904 Mr. H. C. Chadwick stated that a specimen of Comanthus parvicirra
from the Gulf of Manaar, Ceylon, which when living was a deep olive brown
with the tips of the pinnules yellow, had living upon it an alpheid which was olive

brown striped with gray; and in 1908 he recorded a predominantly yellow speci-

men of Lamprometra palmata from Suez which had a brown commensal polynoid

living upon it, and an example of Heterometra savignii from Ul Shubuk which

when living was whitish with a violet tinge and with patches of darker color and

of yellow, from which were taken 15 ophiurans which lived with their arms

twisted around those of the crinoid, and of which the color on the whole resembled

that of their host.

In 1915 Lieut. F. A. Potts, who had made a special study of the commensalism

between comatulids and other organisms at Torres Strait, published a most in-

teresting memoir on the subject, in which he went into considerable detail regard-

ing the color relations between the hosts and the commensals, and brought out

many new facts bearing on their ecological interrelationships. In this paper he

described as commensals on comatulids a new genus of amphipods, a new isopod,

two new galatheids, a new Synalpheus, and a new Polynoe, and published detailed

notes on the three species of commensal Pontoniidae discovered by him and recently
described by Borradaile.
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TUNICATA.

Small tunicates, both simple and compound, are occasionally found on the

stems and cirri of the pentacrinites ; large ones are extremely rare.

ENTEROPNEUSTA.

RHABDOPLEURA MTRABILIS (BARS).

This form was found by Sars growing along the column of Rhizocrinus lofo-

tensis; it was originally recorded as a polyzoan under the name of Halilophus
mirabUis.

CRUSTACEA.

DBCAPODA MACRUHA.

Family ALPHEID^.

The family Alpheidse includes a considerable number of partially and strictly

commensal types, among which may be mentioned Arete maruteensis Coutiere,

which lives among the spines on the oral surface of the large sea urchin Hetero-

centrotus mamillatus Klein, Arete dorsalis var. indicus Coutiere, which Professor

Coutiere found at Jibuti, French Somaliland, living among the spines on the oral

surface of another sea urchin of the same family, Echinometra mathcei (de Blain-

ville), the alpheids in both cases resembling the hosts in color, and a number of

the species of the genus Synalpheus commensal on gorgonians, Solenocaulon, and

comatulids. When these animals are more extensively studied in the field undoubt-

edly commensalism will prove to be much more frequent than is now supposed.

All of the alpheids commensal on comatulids belong to the genus Synalpheus.
This genus as now understood includes 63 species and 15 varieties; of these 78

recognized forms only 4 occur on crinoids, 2 of these invariably, so far as known,
the other 2 being varieties of species the commensalism of which has not been

established.

The genus Synalpheus falls into six well-characterized groups, of which one,

the so-called
" Comatularum Group.

1 '

includes all the forms commensal on crinoids.

The species in the Comatularum Group are the following, those known to be

commensal on comatulids being designated by an asterisk (*) :

*
Synalpheus comatularum (Haswell) [=$. falcatus Sp. Bate].

Synalpheus stimpsonii stimpsonii de Man.

*Synalpheus stimpsonii maldivensis Coutiere.

Synalpheus carinatus carinatus (de Man).
*Synalpheus carinatus l)inongcensis de Man.

Synalpheus carinatus ubianensis de Man.

Synalpheus amboince (Zehntner).

Synalpheus consobrinus de Man.

Synalpheus odontophorus de Man.
*
Synalpheus brucei Potts.

Synalpheus albatrossi Coutiere.



624 BULLETIN 82, UNITED STATES NATIONAL MUSEUM.

All of these forms are confined to the Indo-Pacific region, and nearly all to

the Malayan archipelago; one, S. albatrossi, occurs at Laysan Island, in the

Hawaiian group.
Commensalism between an alpheid and a comatulid was first reported in 1876.

During the voyage of the Challenger von Willemoes-Suhm observed, in the Arafura

Sea, in 1874, a black and white alpheid living on a mottled black and white

comatulid.

In 1882 Prof. William A. Haswell described Alpheus comatularum which had

been dredged by the Alert in a few fathoms of water in the Albany Passage, near

Cape York, Queensland, and which was invariably found clinging to the arms of a

comatulid, to which its color markings gave it a general resemblance.

Mr. E. J. Miers, in the Alert report published in 1884, redescribed Alpheus
comatularum in great detail, and cited additional localities. It was again rede-

scribed under the name of Synalpheus falcatus, by Mr. C. Spence Bate in the

Challenger report in 1888. His specimens were dredged between Cape York and

the Aru Islands in 8 fathoms.

In 1905 M. H. Coutiere recorded a second case of commensalism between an

alpheid and a crinoid, describing Synalpheus stimpsonii var. maldivensis, from the

Maldive Islands, which had been found living upon a comatulid resembling it in

color. In 1911 Dr. J. G. de Man described Synalpheus carinatus var. binongcensis,

which had been found on a crinoid, and in 1915 Lieut. F. A. Potts described Synal-

pheus brucei, commensal on comatulids in Torres Strait, and discusses S. coma-

tularum.

SYNALPHEUS COMATDLABUM (HASWELL).

Fig. 1234, pi. 38.

Lieutenant Potts writes that Synalpheus comatularum is markedly larger than

S. brucei and is stouter in general appearance; but the resemblance in coloration

and habits is so close as to suggest specific identity until the peculiar form of the

little chela is noticed.

The individuals were generally seated in pairs on the disk, but when slightly

disturbed they immediately dug the hook of this chela into the flesh of the disk,

from which it was only dislodged with difficulty; or if the alpheid had left the

surface of the disk, the chela was serviceable for clasping the arm of its host.

But this instrument is only used for temporary attachment, nor is it usually

embedded in the host when the animal is at rest.

Potts notes that there is, in spite of the wonderful similarity in the coloration

of this species and of S. brucei, one marked difference
;
that is, the entrance of a

white or yellow pigment into the color scheme of this form. He describes a typical

example of a light-colored crinoid and its commensal in the following way : The
comatulid (Comanthus annulata) had a yellow-green disk, the arms were black

with white tips, sometimes with a dash of rusty-red pigment, and the pinnules

white, sometimes gray at the side. The underside of the arms was yellow-green
and the cirri were white. Both the commensals were light colored and harmonized
to a considerable extent with the host. The female had five prominent lines of
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white pigment on the thorax, alternating with brown lines. On the abdomen there

was a median white line with a brown line on either side, most of the median space

being colorless, and a nonpigmented eye being found on each pleuron. The male

showed six lines of brownish-purple pigment on the thorax, the remaining portions

being colorless save for some dashes of white pigment. In this case the two

partners differed slightly; the female showed well-developed white pigment, and

the other pigment was brown; in the male white pigment was almost absent and

the pattern was formed by a purple-brown darker than in the female.

Distribution. Albany Island; Albany Passage; Warrior Reef; reefs north

of Mabuiag Island; Prince of Wales Channel; Thursday Island; between Cape
York and the Aru Islands

;
Torres Strait

; Singapore ; Ceylon.

Depth. Littoral, and down to 9 fathoms.

SYNALPHEUS STIMPSONTI VAK. MALDIVENSIS COUTIERE.

This form was found on a crinoid which resembled it in color
;
it was taken at

Hulule, Male Atoll, Maldive Islands.

STNALPHEUS CARINATTJS VAR. BINONGCENSIS DE MAN.

One specimen, a female, is the only known example of this form. It was

found on a comatulid dredged by the Siboga in 55 meters at the anchorage off

Pasir Pandjang, on the west coast of Binongka.

SYNALPHEUS BRUCEI POTTS.

Lieutenant Potts' account of this species is as follows :

Comanthus annulatus, with which Synalpheus brucei is usually associated, is

very variable in color. It will be sufficient here to say that the coloration varies

from a light green mingled with yellow and white to the darkest green or even

black. The commensal alpheid is generally black to brownish purple in ground

color, but the pigmented dorsum is traversed by longitudinal stripes which are

free from pigment. Of these one runs down the middle line from head to tail,

there are either two or three on each side of the carapace, and two on the upper
surface of the chela. In addition, each abdominal pleuron is traversed by a short

oblique pigment-free stripe which may by the encroachment of the pigment become

a spot. The relative extent of pigmented and nonpigmented areas is exceedingly

variable, and corresponds roughly to the depth of coloration of the host which

the alpheid inhabits. Individuals which lodge upon a light green comatulid have

only narrow red or purple lines of pigment, the remaining portions being unpig-
mented

;
in those which are associated with a dark green or black host the pigment

may be extended over the whole of the dorsum.

In the vast majority of cases a pair, male and female, of alpheids is found on

each comatulid. In a few cases there appeared to be only a single lodger, but then

its small size seemed to show that it was too young to have acquired a mate.

In most cases the pair are similarly colored
; rarely, however, there is a differ-

ence, and Potts found one case in which one member was marked with very definite
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and fairly wide stripes of dark pigment, while the other was uniformly covered

by red pigment.
Potts states that there are two factors in the color variations: One is the

character of the pigment, which ranges from a clear red to a purple so deep as to

appear black
;
the second depends on the area of the body covered by the pigment.

The first seems to depend very largely on the species of the host. Synalpheus
brucei is found, though more rarely, on a second host, Comatula purpurea, in

which reddish pigment predominates, and here the crustacean was sometimes

observed to show a red pigment covering the whole body, thus matching the host;

but sometimes purple and white striped individuals are found on Comatula

purpurea.

Among the commensals of Comanthus annulatus also the pigment may be red

or red brown
;
but this is only so in the cases where the colored stripes are narrow

;

where they are broader the pigment is invariably darker.

Potts gives the chief variations in color as follows : Uniformly red brown in

Comatula purpurea; with narrow red stripes in light green varieties of Comanthus

annulatus; with purple stripes of uniform dark color in dark green varieties of

Comanthus annulatus.

He states that the purple pigment would seem to be either something addi-

tional or a more complex product of the red pigment. In the alpheids which were

preserved in formalin and glycerin to keep the original color as far as possible the

purple was speedily lost, leaving such a red as occurs in the lighter colored forms.

Synalpheus brucei thus exhibits a marked protective resemblance to its host.

Against the very light-colored crinoids the almost colorless alpheid is quite incon-

spicuous. The striped specimens are found upon comatulids in which bars of

light and dark pigments alternate, and so they, too, are not easily seen. And

lastly, when the dark pigment is uniformly spread over the body of the crinoid,

this is also the case with the alpheid.

But though this is often true, there are many cases where the resemblance is

by no means close, and the alpheid is rather conspicuous. Potts is inclined to

explain these cases by supposing the alpheids to have migrated from some other

crinoid at a comparatively recent period. So thickly do the crinoids lie in the

crevices of the reef, all conceivable color varieties being herded together without

distinction, that it is more than likely that an interchange of commensals should

occasionally take place ;
for Synalpheus, thougli tending to become a truly seden-

tary animal, is at times very active, and an excellent swimmer.

Potts suggests that the conditions of commensalism do not allow natural

selection to come into play to any marked extent. The commensals are for the

most part inclosed by the arms of the crinoid as in a living cage. When the

water is calm these arms are relaxed and extended, but on the approach of an

intruder they curl up and so protect the soft central disk. It is scarcely to be

supposed that even a rapacious fish would take a mouthful of these hard and

unsatisfying arms for the sake of the shrimp which lies amongst them. In no case,

at least, which Potts saw were the arms of crinoids mutilated.
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In Hippolyte the young larva is at first a colorless creature living at the surface

of the sea, and when this is carried inshore it attaches itself to the first seaweed it

meets. The skin is in such a sensitive condition that within a week a complete
resemblance in color is brought about, whether the seaweed background be red,

green, or brown.

Potts believes that the resemblance in coloration between Synalpheus and its

host is a similar phenomenon ;
but it is less perfect because natural selection has

not been brought into play to the same extent, if at all, as in Hippolyte, to which

the seaweeds offer a holdfast, but not a complete refuge such as the crinoid affords.

In Synalpheus generally both members of a pair are similarly colored. This

is a phenomenon which Potts believes may be explained in two different ways:
Either mating takes place early, before the pigment pattern has been finally deter-

mined and the same factors act equally on both, producing a similar pattern, or

else there is assertive mating. Possibly the truth lies in a combination of both

explanations; if so, the exceptions where mates are dissimilarly colored are due

to the breaking down of the rule of assortive mating, or to the existence of indi-

viduals which are not able to assimilate themselves to their background.
With regard to the habits of . brucei, Potts states that it is usual to find the

male and female lying side by side on the surface of the disk, but when disturbed

they take refuge between the pinnules or on the dorsal surface of the arms. They
move about quite freely, but they can guard against forcible detachment by digging
the claws of the thoracic legs into the soft flesh of the disk or by clasping the pinnules
or arms of the crinoid. The chelae are less effective for maintaining a hold than the

thoracic legs, though it is to be noticed that these can not be said to be specially

modified for this purpose. They are provided with two sharp claws, but this pro-
vision is also made in cases where the alpheid has no such commensal habits.

When removed from the crinoids they swim about very rapidly, but return

as soon as possible to the shelter of the host and cling to it as before.

They exhibit reactions to light and to touch in a very marked manner.

Alpheids placed in a glass vessel always cluster together on the side of the vessel

away from the light. Besides being negatively heliotropic, they are strongly

thigmotropic, for when the finger is introduced into the water it is instantly em-
braced by the thoracic legs of the alpheid. In the absence of any foreign object the

alpheids embrace one another, so that a number left together in a vessel soon look

like a mass of swarming bees.

Potts notes that there seems to be a limited faculty for color change. One
individual with wide stripes of pigment became lighter toward night, darker again
at day. Unfortunately he did not make any extended observations on this point.

STNALPHETTS, SF.

Mr. H. C. Chadwick states that a specimen of Comanthus parvicirra from the

Gulf of Manaar, Ceylon, which when living was a deep olive brown with the tips
of the pinnules yellow, had living upon it an alpheid which was olive brown striped
with gray.
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Family HIPPOLYTID^E.

HIPPOLYTE, SP.

On one of the harbor buoys at La Hougue. near Cherbourg, Malard found

Antedon bifida in immense numbers, literally covering the chain. There were

three distinct color types (1) violet-red, more or less deep; (2) orange yellow,

inclining toward saturn red; and (3) alternate white and red with whitish pinnules.
The Plippolyte occurring with them were of the same colors.

Family PONTONIID^E.

Although the first known species of this family, described as far back as 1829,

is a commensal in bivalves, and many of those subsequently established are com-

mensal on sea urchins, starfishes, ascidians, corals, sponges, and especially in

lamellibranchs, it was not until 1902 that any were known to be commensal on

comatulids.

In that year Mr. L. A. Borradaile, who hald accompanied Prof. J. Stanley
Gardiner during his explorations in the Maldive and Laccadive archipelagoes,

published an account of cases of commensalism between these prawns and reef-living

crinoids.

In 1915 Borradaile described these species, and with them others which had
been collected by Lieut. F. A. Potts at Torres Strait; and in the same year Potts

published his own notes upon the latter.

An excellent monographic account of the whole family was published by
Borradaile in 1917.

Like most of the commmensals living on the comatulids, these prawns subsist

on the minute organisms crowded together in the currents of water flowing down
the ambulacral grooves toward the mouth.

Borradaile states that in this family the color varies greatly, the animals being

striped, spotted, or suffused in very different ways and with very different colors,

while the differences between species are often as great between species of the same

genus as between those of different genera. In the cases at present known the

colors are usually gaudy and conspicuous when the prawns are removed from their

proper environment, though in some instances, at least, their coloration harmonizes

very strikingly with that of the natural surroundings.

Nothing is known of the color changes which doubtless occur during life, or

in regard to the way in which there arises a correspondence between the coloration

of the individual and that of its surroundings, or as to the value this may have

to the prawn.
The species of this family known to be commensal on comatulids are the

following :

PERICUMENES ( PERTCLIMENES ) COMMENSALIS BORRADAILE.

This species was described from specimens collected by Lieutenant Potts at

Torres Strait and found on Comanthus annulatus.
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PERICLIMENES (LAOMENES) CORNUTUS BORRADAILE.

This form was described from specimens collected by Prof. J. Stanley Gardi-

ner and Mr. Borradaile at Male Atoll, Maldives, and found on an undetermined

comatulid, which was red and brown in color.

PERTCLIMENES (LAOMENES) CERATOPHTHALMUS BORRADAILE.

Like the preceding, this species was found by Professor Gardiner and Mr.

Borradaile on a comatulid at Male Atoll, Maldives.

PERICLIMENES (CUAPETES) BROCKETTI BORRADAILE.

Professor Gardiner and Mr. Borradaile found this species at Male Atoll,

Maldives, living on a brown comatulid.

PERICLIMENES (CUAPETES) POTTSI BORRADAILE.

The originals of this species were collected at Torres Strait by Lieutenant Potts,

who found them living on Comanthus. Potts did not in life distinguish this form
from P. commensalis, so that probably the following remarks apply to both.

He notes that this shrimp is comparatively common on the comatulids from
the Murray Island reef, but only one or two specimens were obtained at Mabuiag.
It is a very transparent creature, and though the general coloration, a beautiful

purple, harmonizes with the host, there is no distinct arrangement in longitudinal

stripes. The low power of the microscope shows that there is a blue pigment con-

tained in very numerous small cells which are regularly disposed over the body;
also evenly distributed, but much fewer in number, are cells containing red pig-

ment, which may be spherical or branching. The gut is colored red. The general
effect thus is purple.

PONTONIOPSIS COMANTHI BORRADAILE.

Fig. 944, p. 621.

Lieutenant Potts, who collected the specimens described by Borradaile, says
that this species was found only at Mabuiag on the light-colored varieties of

Comanthus annulatus, in which a great deal of green pigment had developed. In

general this small crustacean (it is about 8 mm. long) exhibits a striking corre-

spondence with its host. Alternate longitudinal stripes of bright green and black

or dark brown occur on the dorsum, and these match the crinoid pinnules, in which

green and yellow alternate with dark green or black. There also occurs another

variety, in which the green pigment is replaced by yellow and the darker pigment

by red or brown. In the specimen figured by Potts, which he states is typical of

the species, there were three yellow stripes alternating with two brown stripes of

equal width
;
the chela was yellow, with a brown line. In this case, however, the

commensal, living on a crinoid in which green predominated, was very conspicuous,
and Potts supposes that it had developed its pigment in association with another

individual of a different color type.
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DECAPODA ANOMUKA.

Family GALATHEID^E.

In every large collection of comatulids received from the East Indian region
small galatheids, usually conspicuously striped longitudinally, are found asso-

ciated with some of the specimens.

These commensal galatheids have recently been studied in the field by Lieut.

F. A. Potts. His observations did not lead him to suppose that the galatheids
occur in pairs on each host, as is usually the case in Synalpheus; but the absence

of evidence on this point may be due to the fact that they are inclined to leave the

host whenever disturbed.

They are not by any means found so commonly on crinoids as are the species of

Synalpheus, though Galathea elegans is not infrequent.
There is no special modification for clinging to the crinoids other than the

spines on the dactyli of the thoracic legs.

The animals are thigmotropic, and after detachment immediately swim back

to the host.

White, in 1847, listed without description the first of these commensal

galatheids to come to light, Galathea elegans, as among the crustaceans in the

collections of the British Museum. His specimens, brought home by the Samarang,
were from Corregidor, Luzon, and Unsang, Borneo. In the following year, in

the account of the voyage of the Samarang, Adam and White figured, but did not

describe, the species.

In 1852 Prof. James D. Dana described a new species, G. longirostris, which

was found on a comatulid dredged at Fiji in 10 fathoms.

In 1882 Prof. William A. Haswell described G. deflexifrons, basing his de-

scription on a specimen taken by the Alert in Albany Passage, Torres Strait, and

stating that it lives on comatulids.

In 1884 Miers placed G. deftexifrons in the synonymy of G. elegans and

recorded, with annotations, various specimens of the latter taken by the Alert.

Mr. T. Southwell in 1906 recorded three specimens of G. longirostris, with the

color markings well defined, which were found adhering to individuals of Ceno-

metra herdmani taken in the Gulf of Martaban, Ceylon, in shallow water, and

at a depth of 7 to 9 fathoms.

In 1913 Dr. Heinrich Balss recorded G. longirostris from the Bonin Islands,

and doubtfully referred a single male from near Boschu, Sagami Bay, Japan, in 120

meters, to G. elegans. Of this latter he says that it apparently occurs on comatu-

lids.

Lieutenant Potts has recently revised the species of galatheids commensal on

comatulids, of which he admits three, two of these described by himself from
material personally collected at Torres Strait.

GALATHEA ELEGANS ADAM AND WHITE.

Fig. 942, p. 621.

According to Potts G. longirostris of Dana and G. deftexifrons of Haswell are

synonyms of this species, which he described in detail, giving a revised diagnosis.
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He notes that all three forms possess a very typical dorsal ornamentation

and have a similar color scheme with longitudinal stripes of pigment on the

dorsum
;
from this he concludes that the whole group of related forms are comatu-

lid dwellers, since if not it would be strange that so marked a pattern should

occur on a free-living galatheid when it is a character so definitely associated

with crinoid commensalism in this and in other groups.
Miers says of this species that no two specimens agree exactly in their mark-

ings. In the Bornean specimens collected by the Samarang the stripes are much
broader than in the Philippine specimens, from one of which they are wholly
absent. In the specimen from Albany Island they are distinguishable only on

the anterior part of the postabdomen. The ground color in nearly all is dull red.

Potts notes that the dorsum and limbs are covered with dark pigment, but

there are generally pigment-free longitudinal bands of variable width.

Haswell records the color as dark purple, and as yellowish with three narrow

longitudinal dark purple bands on the body and one on either side of the chelipeds

and ambulatory legs.

Grant and McCulloch state that the color is most variable. Their specimen
from Port Curtis when alive was a bright scarlet with a central longitudinal

purple band only on the last segment of the abdomen.

Distribution. Eecorded from Madagascar, Tuticorin, in the Madras Presi-

dency, India, Gulf of Martaban, Ceylon, Port Molle and Port Curtis, Queensland,

Albany Island, Albany Passage, Murray Islands, Holborn Island, and off Mabuiag,
Torres Strait, Amboina, Moluccas, New Britain, Singapore, Unsang, Borneo,

Corregidor, Luzon, Philippines, Bonin Islands, and Sagami Bay, Japan.

Bathymetrical Range. Littoral, and down to 120 meters.

GALATHEA INFLATA POTTS.

Some, or all, of the specimens were found on Comanthus annulatus.

The color of the carapace was dark blue with two fairly broad longitudinal

pigment-free bands; others, referred to this species by Potts, were white.

Locality. Murray Islands, Torres Strait.

Bathymetrical Range. Littoral.

GALATHEA MINUTA POTTS.

This species was found on Comanthus annulatus.

The carapace showed alternate longitudinal stripes of white and dark blue

of about equal width.

Locality. Mabuiag Island, Torres Strait.

Depth. About 4 fathoms.

UNDETERMINED OALATHEID.

Dr. L. E. Griffin reports that on a specimen of Comanthus parvicirra cap-
tured at Port Galera, Mindoro, Philippines, which was olive green, becoming
proximally yellow with dark brown longitudinal bands and spots, he found

142140 21 Bull. 82 42
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"crabs" (probably galatheids), with 10 cream-colored bands on the carapace,

a cream-colored median band on the abdomen, several yellow spots on the ventral

side, and the chelipeds and walking legs with yellow distal ends.

PROBLEMATICAL DKCAPOD.

Dr. F. A. Bather stated that a decapod has been found in the anal tube of a

crinoid. He probably referred to the suctorial crustacean (see p. 640) recorded by
W. B. Carpenter.

ISOPODA.

Family CYMOTHOID/E.

ANILOCRA, SP.

PI. 57. fig. 3346.
'

In 1882 Prof. William A. Haswell mentioned as a commensal of comatulids

in the Albany passage, near Cape York, Queensland, an undescribed species of

cymothoid, which was usually ensconced in the alimentary canal of the host, in

which it remained buried with the exception of the anterior third of its body.
Miers did not refer to this form in the Alert report.

P. H. Carpenter stated in 1884 that he frequently found in the anal tube of

Comatula rotalaria and of C. solans from Cape York an isopod of the genus
Anilocra which was nearly half an inch long. In 1888 he recorded another

specimen of the same species from an example of Zygometra microdiscus dredged

by the Challenger in 8 fathoms of water in Torres Strait. He inferred that

either as an egg or as a larva it must have been caught in one of the ciliary currents

converging on the mouth from the arms and thus have been carried through
the digestive tube to the rectum, where it remained.

Beddard did not mention this species in his account of the isopods collected

by the Challenger, and I can not find any further references to it in the literature

on the group.
W. B. Carpenter described a similar case of commensalism (or parasitism)

in Antedon bifida but did not state the group to which the crustacean belonged

(see p. 640) .

Family CIROLANIDJK

CIROLANA LINEATA POTTS.

Fig. 946, p. 621.

This species occurs on comatulids, generally on Comanthus annulatus, and

was described from specimens collected by Lieutenant Potts himself in Torres

Strait.

Potts writes that this species is far from being as sedentary as Synalpheus,

which, while very energetic at times, rests for long periods on the disk of the

crinoid. While the isopod may make busy excursions on the surface of the
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comatulid, it is often to be seen diving into the gut of the host, where it appar-

ently spends a large part of its time. He believes that it does not feed on the

tissues of the crinoid itself but only on the food it finds in the stomach.

He states further that this case of commensalism is interesting because of

the faint but significant response to the color stimuli of the crinoid. In nearly all

the species of this genus where the coloration has been noted at all the chromato-

phores appear to be distributed over the surface so as to form a series of evenly

spaced dots or dashes of pigment. The concentration of these into lines and the

development of a purplish pigment seem to be the first effects of the commensalism.

The insignificant quantitative development of the pigment is probably associated

with the very active life of the isopod and its frequent immersion in the gut of

the host rather than to any incapacity of the isopod to assume the colors of the

environment.

The color is white, except for branding chromatophores carrying a purple

pigment and arranged in two lateral stripes and a fainter median line.

AMPHIPODA.

In a letter written to Professor von Siebold and published by him in 1876,

R. von Willemoes-Suhm, writing on board the Challenger in July, 1875, during
the voyage from Japan to the Hawaiian Islands, mentioned that on some comatulids

dredged in the Arafura Sea in the preceding year a parasitic amphipod had been

found which had bored into the ventral disk. The specimens appear subsequently
to have been mislaid, for there is no mention of them in the Challenger monographs.

On examining closely the specimens of Iridometra melpomene dredged by the

Albatross at a depth of 88 to 100 fathoms in the China Sea I was surprised to find

a number of amphipods more or less buried in the disk, which at once recalled to

my mind the note by von Willemoes-Suhm. I turned these specimens over to Mr.
Clarence E. Shoemaker, as he was so kind as to draw up a description of them for

inclusion in the present volume.

While working at Murray Island, Torres Strait, Lieutenant Potts found a

tiny amphipod occurring very often on the darker crinoids, which proved to

represent a hitherto unknown genus.
The two amphipods, one parasitic and the other symbiotic, known to be asso-

ciated with crinoids, are the following:

Family AMPHILOCHID^.

CTCLOTELSON PURPUKETTM POTTS.

Fig. 945, p. 621.

This species is symbiotic. Lieutenant Potts found it common on the darker
comatulids at Murray Island, Torres Strait. The specimens described were taken
from Comanthus annulatus.

The color dorsally is purple.
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F'amily LAPHYSTIOPSID.E.

Mr. Shoemaker's account of the new amphipod found on Iridornetra melpo-
mene follows:

LAPHT8TIOP8I8 IBIDOMETR^ SHOEMAKER.

Description of the male. The eyes are without pigment, but clusters of indis-

tinct visual elements are present under the surface of the convex sides of the head.

The head is broad and flat and produced in front into a horizontal, spatulate,

truncated lamella.

The antennae are proportionately shorter than in L. planifrom Sars. The first

and second antennae do not differ greatly in length ;
the first has a flagellum of

about 12 segments, the second a flagellum of about 10 segments. The first segment
of the flagellum of the first antennas is the longest and is provided with three

fascicles of sensory bristles.

The peraeon segments are separated from one another by slight transverse

depressions. The pleon segments are much deeper than those of the peraeon, and

the first three are produced posteriorly into a blunt dorsal lobe
;
the fourth bears a

deep saddle-shaped depression.

The mouth parts resemble in all essentials those of L. planifrons, but the first

segment of the mandibular palp is proportionately longer.

The first four coxal plates are produced anteriorly, and the fifth and sixth are

more deeply bilobed than in L. planifrons.

The gnathopods and perseopods are all much more robust than those of L.

planifrons, and the last three are relatively shorter; the third, fourth, and fifth

consecutively increase but little in length. The first and second gnathopods are

similar in structure, the second slightly the larger. The fourth and fifth segments
of the gnathopods are triangular, the sixth is slightly longer than the fifth, and

both fifth and sixth are provided on their lower surface with fine setae and at their

distal ends with several longer setae. The dactyl is strong, well curved, and nearly
as long as as the sixth segment ;

the concave surface is provided with a row of fine

setae, and there are several longer ones near the point.

The first and second perseopods are similar in structure, the second being

slightly the larger. The second segments are expanded anteriorly into a broad

lobe with evenly curved edges; the third segments are short; the fourth and fifth

are produced anteriorly into a broad lobe, directed slightly downward; the sixth

increases very suddenly in width, after which the proximal and distal edges are

nearly parallel. The dactyl is strong and well curved, about two-thirds as long as

the sixth segment. The third, fourth, and fifth perteopods are very much alike in

structure
;
the coxal plate of the third is deeply bilobed

;
that of the fourth has the

anterior lobe deeper than the posterior ;
and that of the fifth is truncated anteriorly

and slightly lobed posteriorly ;
the second segments of these three peraeopods are ex-

panded posteriorly into a broad flat lobe of progressively increasing size, each more

expanded and more depressed than the preceding; the third segments are short;

the fourth are produced posteriorly into depressed lobes, each longer than the one

preceding; the fifth segments are short, and each is produced posteriorly into a
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depressed lobe
;
the sixth are about as long as the second, progressively increasing

slightly in length, each slightly concave anteriorly and increasing very suddenly
in width near their upper ends, after which the anterior and posterior edges are

nearly parallel. The dactyls are very strong and well curved, and each is about

two-thirds the length of the corresponding sixth segment. There are no spines

on the sixth segment of the last perseopod, as shown in Sars' figure of L. planifrons.

The uropods are as in L. planifrons, but the telson is less oval and more

triangular.

The perseon and first three segments of the pleon form an evenly curved arch,

while the fourth, fifth, and sixth segments of the pleon are sharply deflected

anteriorly and lie between the last three perseopods.
The antennae lie posteriorly against the perseopods.
In this attitude the animal fits snugly into a hole in the disk of the comatulid

in which it is about half buried. It probably attaches itself to the disk by means

of the strong hook-like dactyls, and the flesh of the crinoid gradually enveloping
it forms the cavity.

The length is 5 mm.

Locality. China Sea; Albatross Stations 5310 and 5311.

Depth. 8% to 100 fathoms.

Remarks. The only other species of this genus, L. planifrons Sars, was re-

corded by Sars from three widely separated localities on the coast of Norway. His

specimens were all taken in the dredge. He remarks that the semiparasitic char-

acter of the species remains an open question.
It is very interesting to find this second closely allied species parasitic upon

comatulids in so distant a locality as the China Sea.

Type. Cat. No. 49599, U.S.N.M.

COPEPODA.

The great majority of the copepods are free living, but a considerable

number of them are truly parasitic, living on the juices of fishes, crustaceans,

annelids, and other aquatic animals. Another large group is commensal or

semiparasitic, living in the cavities of various marine animals, especially in

those of the ascidians, both simple and compound. Others occur on the external

surface of sponges, sea urchins, and starfishes.

In order that the relation between the copepods parasitic on the crinoids

and those occurring upon the other echinoderms may be appreciated, I have given
a complete list of the latter, which follows the discussion of the two species known
to be associated with the comatulids.

Family ASCOMYZONTIDJE.

COIXOCHERES GEACILICAUDA (BRADY).

This species was described in 1880 from Robin Hood Bay, in Yorkshire, in

35 fathoms, by Brady under the name of Cyplopicera gracilicauda. In 1888 it

was redescribed by Rosoll, who found it parasitic on Antedon adriatica at Trieste,
under the name of Ascomyzon comatuloz.
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Canu, who proposed the genus Gollocheres, determined the identity of Cyplo-

picera gracilicauda and Ascomyzon comatulm, and recorded it also from the coast

of France.

Giesbrecht has reported it, under the name of Clausomyzon gracilicauda, from

the Bay of Naples, and G. O. Sars has recorded it from Ris0r on the southern

coast of Norway.
In depth it ranges from the shore line down to 35 fathoms.

Family ASCIDICOLIDJE.

ENTEROGNATHU8 COMATT7UE GIESBRECHT.

This curious copepod was first discovered by Dr. John Beard in the course

of his studies at Naples on the development of the myzostomes. It was described

in great detail by Dr. W. Giesbrecht in 1901.

This parasite is much commoner in comatulids from a considerable depth
than in those from shallow water. On the average there is only about one parasite

to a dozen of the latter, and occasionally Giesbrecht found not a single example
in about 50. On the other hand, of the Antedons from the Secca di Gajola at

least half were parasitized.

There appears to be rarely more than one copepod in a single Antedon, though
once Giesbrecht found four in different developmental stages in a specimen from

the Secca di Gajola.
The females with egg balls are found throughout the year.

Almost the only color which the mature female shows is the brown of the

contents of the intestinal canal. The animals are pale and almost transparent
if the fatty tissue is not too richly developed, and the oviduct is not too full of

ripe eggs. The eggs are quite opaque and white in reflected light.

The mature free-swimming male is yellowish gray and very slightly trans-

parent. In the head and in the posterior part of the abdomen are some small

rusty red globules.

Copepods infesting echinoderms other than crinoids.

Pionodesmodes phorm-osomte Bonnier. From galls on the inside of the test

of Eygrosoma petersi (A. Agassiz).
Echinocheres violaceus (Glaus). On Paracentrotus lividus (Brandt).
Echinocheres minutus (Glaus). On Paracentrotus lividus (Brandt).
Echinocheres globosus Hansen. In swellings on the spines of Arce.osoma

gracile (A. Agassiz) and Sperosoma quincuncmle de Meijere.

Cancerilla tubulata Giard. On Amphiura squamata Sars.

Philichthys amphiurce Herouard. On Amphiura squamata Sars.

C'hrodeumium obesum (Jungersen). On Asteronyx loveni Muller and
Troschel.

Arthrochordeumium appendiculosum Stephensen. On Astrocharis gracilis
Mortensen.

Astericola clausii Rosoll. On Marthasterias glacialis (O. F. Muller).

Linckiomolgus cceruleus Stebbing. On Linckia Icevigata (Linnaeus).
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OSTKACODA.

On a specimen of Metacrinus zonatus dredged by the Albatross at Station

5186, in the Tawi Tawi group, Philippine Archipelago, in 80 fathoms, I found

a peculiar parasitic ostracod firmly attached to the column.

CIRRIPKDIA.

From their mode of life as attached organisms and their fixation to every

possible kind of support (they have even been found on the tail feathers of

Priofinus cinereus) it is quite to be expected that the barnacles should be found

living upon the crinoids
; indeed, it is rather surprising that this is not more often

the case.

The columns, and especially the cirri, of the pentacrinites frequently support
stalked barnacles, and they sometimes occur on the cirri of the larger comatulids

of the deeper waters, mostly those of the family Thalassometridse. There is a

record of one attached to a pentacrinite arm. Sessile barnacles have been found

only on the pentacrinites and usually occur on the stem, though sometimes on

the cirri.

But barnacles are not nearly so abundant, either in number of species or in

number of individuals, upon the crinoids as they are upon the urchins, especially

upon the dead spines of the cidarids.

There is no evidence that the barnacles attached to the crinoids find in the

latter anything more than a convenient object for attachment, such as they would

find equally well in a long urchin spine.

Nearly all of the barnacles are inhabitants of relatively shallow water, and

Scalpellum is the only genus which is often met with in the deeper portions of

the sea, into which it descends to a depth of 2,850 fathoms. This sufficiently

explains the fact that most of the barnacles which have been found upon the

crinoids belong to this genus.

The pentacrinites of the intermediate depths are the recent crinoids most

extensively represented as fossils in the secondary rocks, and the same is true

of Scalpellum among the recent barnacles.

None of the Acrothoracica or Apoda have as yet been found in association with

the crinoids.

The Rhizocephala are apparently all parasites of malacostracan, and chiefly

of decapod, crustaceans, though von Willemoes-Suhm in his notes written on board

the Challenger mentions a species which he found in the pouch of a starfish of

the genus Hymenaster, where it was possibly introduced by accident, and a

Bopyrus or Peltogaster from an ophiuran.

The Ascothoracica are known as parasites in corals, antipatharians, and star-

fishes (Henricia, Hippasteria, and Solaster) but are not known to occur in the

crinoids.

'
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Family LEPADIDJE.

Subfamily SCALPELLIN.E.

SCALPELLUM ALBUM HOEK.

Scalpellum album was found on a species of Metacrinus taken by the Chal-

lenger in 140 fathoms near the Kei Islands. The species of Metacrinus from the

station in question were M. angulatus, M. cingulatus, M. nobilis, M. tuberosus,
and M. fmurrayi.

P. H. Carpenter records it on a specimen of Metacrinus varians from off the

Meangis Islands in 500 fathoms. As he also found it on a specimen of Metacrinus

murrayi of unknown origin, he suspected that possibly the latter came from the

same locality.

SCALPELLUM BALANOIDES HOEK.

This species was found attached to an arm of Metacrinus murrayi which was

dredged by the Challenger near the Meangis Islands in 129 fathoms.

It was also found attached to pentacrinites in 500 fathoms off the Meangis
Islands. The species dredged here were Metacrinus costatus, M . moseleyi, M.

varians, M. wyvillii, M. fmurrayi, Endoxocrinus alternicirrus, and Hypalocrinus
naresianus.

SCALPELLUM DICERATUM PILSBRT.

Figs. 947, 948, p. 621.

Scalpellum diceratum was found on the stems of Isocrinus decorus, dredged

by the Albatross in between 33 and 279 fathoms off Habana, Cuba.

SCALPELLUM GONION8TUM PIL8BRY.

This species was found on the column of a species of Metacrinus dredged by
the Albatross in 361 fathoms in the Eastern Sea about 90 miles westsouthwest of

the Goto Islands.

SCALPELLUM PENTACRINARUM PILSBRY.

Fig. 949, p. 621.

Scalpellum pentacrinarum was found on a cirrus of Isocrinus decorus dredged

by the Albatross in between 33 and 279 fathoms off Habana, Cuba.

SCALPELLUM WELTNERIANUM PILSBRY.

This form was found on a cirrus from a species of Metacrinus dredged by the

Albntross in 361 fathoms in the Eastern Sea about 90 miles westsouthwest of

Kagoshima Gulf.

SCALPELLUM, SP.

P. H. Carpenter records the occurrence of a species of Scalpellum on the stem

of a Metacrinus interruptus from latitude 10 14' N., longitude 123 54' E., in

95 fathoms.
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SCALPELLUM, 6P.

PI. 53, fig. 1345.

Specimens of Stylometra spinifera taken by the Albatross off Habana, Cuba,
in 76 to 157 fathoms, carry barnacles of this genus on the cirri.

Scalpellum is very seldom seen on the cirri of the comatulids, though it is not

at all unusual to find it on Stylometra.

Family VERRUCIDvE.

VEBRUCA NITIDA HOEK.

Figs. 1249, 1250, pi. 39.

Verruca nitida was found on pentacrinites of different genera dredged by the

Challenger off the Meangis Islands in 500 fathoms. The pentacrinites taken here

were Metacrinus costatus, M. moseleyi, M. varia.ns, M. wyvillii, M. fmurrayi,

Endoxocrinus altemicirrus and Hypalocrinua naresianus.

VERRUCA, SP.

P. H. Carpenter states that in one of the two specimens of Metacrinus cingu-

latus taken by the Challenger off the Kei Islands in 140 fathoms the place of one of

the cirrus sockets is occupied by a group of barnacles of this genus.

VERRUCA, SP.

A specimen of Metacrinus nobilis taken by the Challenger off the Kei Islands

in 140 fathoms showed a large Verruca covering the whole of one side of a nodal,

and also extending onto the columnals above and below it.

VEKRUCA, SP.

Carpenter records several examples of a species of this genus from a specimen
of Metacrinus interruptus taken by the Challenger in lat. 10 14' N., long. 123

54' E., at a depth of 95 fathoms. They were attached to the cirri.

Family BALANIDJE.

PACHYLASMA CRINOIDOPHILUM PILSBRY.

Pigs. 1246-1248, pi. 39.

This form was found on the column of a species of Metacrinus dredged by the

Albatross in 103 to 152 fathoms in the Eastern Sea, off Kagoshima Gulf.

OBSCCRK LARVAL CIRRIPEDE.

P. H. Carpenter states that he found an obscure larval cirripede attached by
its ventral margin to a cirrus of a specimen of Metacrinus varians which was

dredged by the Challenger in 500 fathoms off the Meangis Islands.
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DNDBTEBMINED CRDSTACEANS.

Dr. W. B. Carpenter writes that it is not a little curious that in the specimens
of Antedon bifida which, through the kindness of Mr. Charles Stewart, he received

from Plymouth Sound, the alimentary canal is frequently almost choked up by
the body of a suctorial crustacean with its egg masses.

He says that as this is far too large and powerful an animal to have been drawn
into the mouth by the ciliary current as an article of food, and as its body rarely

shows any indication of having been acted on by the digestive power of the crinoid,

he is disposed to think that it is introduced either as an egg or as a larva, and has

undergone its development parasitically where it is found.

Encysted in the ventral perisome of the disk of some specimens of Heliometra

glacialis which had been cut into sections P. H. Carpenter found the remnants of

a parasitic crustacean; but though one or two accomplished zoologists examined

the remains he was unable to learn anything about its affinities.

ECHINODERMA.

OPHIUKOIDE.V.

Such of the ophiurans as habitually live clinging to arborescent marine

organisms, from which they derive their noiirishment, usually indirectly through
the appropriation of food particles collected by and intended for the host, are

occasionally to be found upon the crinoids.

This association, relatively infrequent, appears to be quite fortuitous, excepting

only in the case of the species of the genus Ophiomaza; but even these species are

occasionally found on other organisms.
The first ophiuran by habit commensal on a crinoid was described in 1867 by

Ljungman under the name of Ophiocnemis obscura; its characteristic commen-
salism was not, however, mentioned.

In 1871 Theodore Lyman established the genus Ophiomasa, describing 0.

cacaotica from Zanzibar.

Speaking of the cirri of the pentacrinites, C. Wyville Thomson wrote in 1873

that they have no true muscles, but that they have, nevertheless, some power of

contracting around resisting objects which they touch, and there are often star-

fishes and other sea animals entangled among them.

In 1874 Lyman referred Ljungman's Ophiocnemis obscura to his genus Ophio-
maza,. In that year R. von Willemoes-Suhm, then on board the Challenger, noticed

on large black and white comatulids dredged in the Arafura Sea some ophiurans
which he took to be parasitic, and which were of the same color as the hosts. His
observation was published in 1876 and was the first suggestion of commensalism
between ophiurans and crinoids.

In 1884 P. H. Carpenter remarked that he had frequently found ophiurans

entangled in the cirri of the crinoids (it is not quite clear whether of the comatulids

or of the pentacrinites, or of both), and once an ophiuran pluteus attached to a

stem fragment of a species of Metacrimts; following Thomson, he considers these

associations as probably merely accidental.
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In 1884 Bell greatly extended the known range of Ophiomasa caeaotica, record-

ing it from Suez and from Queensland.

In 1888 Brock described as commensals on comatulids Ophiomasa cataphracta

from Cape York, and Ophiocethiops unicolor and Ophiosphwra insignis from Am-

boina. In 1895 Professor Koehler described Ophiocethiops elegans, and in 1898

Ophiomasa mcerens. In the latter year Prof. Ludwig Doderlein described Ophio-

phthirius actinometrce.

In 1904 Kcehler redescribed and revised Brock's species, but without discussing

their commensalism.

In 1908 H. C. Chadwick mentioned ophiurans, possibly Ophiomasa caeaotica,

but more likely a species of Ophiactis, on comatulids in the Red Sea
;
and in 1915

Lieut. F. A. Potts published the results of his studies on the commensals living

on comatulids in Torres Strait, listing Ophiocoma, sp., Ophiactis, sp. (later described

by Dr. H. L. Clark as 0. delicata), Ophiomasa caeaotica, 0. caeaotica var. picta,

and 0. obscura.

Family TRICHASTERID^].

The species of this family live upon arborescent marine organisms, and many
of them are quite active in their movements. Such of the species as live within

the range of the pentacrinites are undoubtedly occasionally to be found upon them.

Family GORGONOCEPHALID^E.

Most, if not all, of the species of this family with undivided, or infrequently

divided, arms, and many of those with ramose arms, as A sirocynodus and Astro-

caneum, normally live attached to arborescent organisms. Such species as occur in

the regions inhabited by the pentacrinites may be expected occasionally to be found

upon them.

ASTROGOMPHUS VALLATUS LYMAN.

This species is not uncommon on specimens of Isocrinus decorus taken off the

northern coast of Cuba.

ASTEROPORPA ANNULATA LUTKEN.

In 1873 Wyville Thomson figured a specimen of Isocrinus asteria to the cirri

of which was clinging an individual of this species.

Family HEMIEURYALID^.

The remarks under the preceding family heading apply equally to the species

of this family. Sigsbeia murrhina Lyman has been found upon the species of

Isocrinus in the Caribbean Sea. The similarity in the type of coloration between

Sigsbeia lineata Liitken and Mortensen and the echinoderms and crustaceans nor-

mally commensal on crinoids is striking.
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Family OPHIACANTHID^.

This family is in the same category as the two preceding, the species which

normally live attached to arborescent organisms frequently straying on to the

pentacrinites and more rarely on to the comatulids. I have seen specimens of

various species of Ophiacantha on Metacrinus taken in the Philippines.

OPHIOLERE8 SCORTEUS LYMAN.

P. H. Carpenter records a specimen of this species which he found entangled
in the cirri of a specimen of Eumorphometra hirsuta dredged by the Challenger
near Marion Island in 140 fathoms.

Family OPHIOCOMID^}.

The association of ophiurans of this family with crinoids can scarcely be more

than accidental though in view of the abundance of both on certain reefs in the

East Indian region, and the activity of the former, especially when young, it must

be more or less frequent.

OPHIOCOMA, SP.

Lieutenant Potts states that at Torres Strait he found a young Ophiocoma, too

small for accurate determination, on Comanthus annulatus.

Family AMPHIURID^.

Some of the species in this family, as the species of Ophiactis, are more or less

strictly commensal
; others, as the species of Ophiopholis, commonly conceal them-

selves in rootlike growths or cling to arborescent organisms; while others, as the

species of Amphiura, Amphipolis, etc., live on or in mud, sometimes burrowing
downward for a considerable distance. These last are sometimes phosphorescent.

The species of the first group will naturally sometimes be found on crinoids,

and those of the second group will occasionally occur among the cirri of the

comatulids and on the stems of the pentacrinites inhabiting the same regions.

OPHIACTIS DELICATA H. L. CLARK.

Lieut. F. A. Potts reported a specimen of an undetermined species of the genus

Ophiactis as commensal on comatulids at Torres Strait.

Dr. H. L. Clark described this specimen under the name of Ophiactis delicata.

It was found on an example of Comanthus annulata in 18 fathoms off the

southwestern reef at Maer, Murray Islands, Torres Strait.

IOPHIACTIS, SP.

Mr. H. C. Chadwick in 1908 recorded a specimen of Pleterometra savignii from
Ul Shubuk, on the Red Sea, which, when living, was whitish with a violet tinge
and with patches of darker color and of yellow, from which were taken 15 ophiurans
that lived with their arms wrapped around those of the crinoid, and of which the

color on the whole resembled that of their host.
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The large number of these ophiurans found on a single crinoid appears to indi-

cate that they could not have belonged to any species of Ophiomaza, which nor-

mally occur singly, one to each crinoid, and suggests that they represented a species
of Ophiactis.

OPHIOPIIOLIS MIBABILIS (DUNCAN).

A specimen of this species was found coiled tightly about the stem, just under
the crown, of a specimen of Metacrinus acutus dredged by the Albatross in the

Eastern Sea, off Kagoshima Gulf, in 105 to 152 fathoms.

Family OPHIOTRICHID^].

Many, if not most, of the species in this family are more or less strictly com-
mensal in habit. Some, as certain species of Ophiothrix, are normally associated

with various aborescent organisms, and occasionally are to be found upon the penta-

crinites, and more rarely upon the comatulids; others, as the species of Ophiomaza,
are rarely found elsewhere than upon the comatulids.

OPITIOMAZA.

Ophiomaza is the only genus of ophiurans which has been determined to be

normally commensal upon the comatulids. It lives, oral surface downward, upon
the disk of the larger species, with the arms wrapped around the dorsal side of

the crinoid.

The curiously banded or blotched type of coloration usually found in this

genus recalls that of other organisms commensal with the comatulids, and is remi-

niscent of Sigsbeia lineata Liitken and Mortensen, which is also commensal, though
not upon crinoids.

OPHIOMAZA CACAOTICA I/THAN.

PI. 52, fig. 1341.

The commensal ophiuran noted by von Willemoes-Suhm on black and white

comatulids from the Arafura Sea was probably this species.
I have found it on Capillaster sentosa from Singapore, and on Heterometra

reynaudii from the entrance to Palk Strait, Ceylon, in 6 to 8 fathoms.

Potts states that at Torres Strait he found it commensal on Comanthus annu-

latus, and that in color it was a uniform black, very deep purple, or brown. One
small black specimen was found on a bright red Comatula purpurea.

This ophiuran probably occurs on any comatulid of sufficient size to support
it, regardless of species. So far as I have seen there is rarely, if ever, more than
one on a single crinoid.

Ophiomaza cacaotica ranges from Zanzibar to Suez and eastward to northern

Australia, the Philippine Islands, and the China Sea, but apparently is nowhere
abundant. It occurs from the low-tide mark down to nearly 40 fathoms.

Most of the records for the species make no mention of its commensalism.
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OPHIOMAZA CACAOTICA VAR. PICTA KCEHLER.

This form, which was described merely as a color variety of the preceding,

was found among the echinoderms collected by Korotneff in the Sunda Islands,

probably at Billiton. Professor Kcehler does not mention the comatulid upon
which it occurred.

Lieutenant Potts records it from Torres Strait, on Comanthus annulatus. The

individuals were prettily marked with black and white.

OPHIOMAZA OBSCURA (LJUNGMAN).

This species was originally described from Singapore, and I have seen speci-

mens from that locality on Capillaster sentosa. Lieutenant Potts found it on

Comanthus annulatus at Maer, Murray Islands, Torres Strait, and says that the

specimens were brown, handsomely marked with dull yellow.

OPHIOMAZA CATAPHRACTA (BROCK).

Ophiomaza cataphracta was described from Cape York, Queensland.

OPHIOMAZA MCGRENS KCEHLER.

This species is known only from Cantores Island, in the Mergui Archipelago.
_

OPHIO-SSTHIOPS UN1COLOR BROCK.

This species was described from Amboina, where Doctor Brock found it living,

apparently as a commensal, upon a species of Comasteridse, which it resembled

in color.

OPHKXETHIOPS ELEGANS (KCEHLER).

This form was described from the Dutch East Indies.

OPHIOPHTHIRIUS ACTINOMETRJE DODERLEIN.

Ophiophthirius actinometrce was described as a commensal on Comatula Solaris

from Thursday Island, Queensland.

OPHIOSPH^ERA INSIGNIS BROCK.

Doctor Brock found this species at Amboina on one of the Comasteridae, which

it resembled in color.

Family OPHIOLEPIDIDyE.

None of the species of this family can have other than a purely accidental

association with crinoids.

OPHIOMUSIUM, SP.

Attached to the dorsal side of the centrodorsal of a specimen of Perissometra

ftexilis from near the Kei Islands, in 140 fathoms, P. H. Carpenter found an

ophiuran which he believed to belong to the genus Ophiomusium, so far as he was
able to make out its characters from a view of the dorsal surface only; but he
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could not refer it to any species of that genus, or to any other of the ophiurans
which were obtained by the Challenger. It had a relatively large dorsocentral,
five small basals, and five large radials, the outer ends of which were tubercular

and fitted in between the two large radial shields, which were also more or less

tubercular on their line of junction. The arms extended outward between the

cirri of the comatulid and coincided in direction with its rays, while their ends
were more or less twisted around the bases of the cirri. The symmetrical arrange-
ment of the large primary plates on the ophiuran disk, together with the position
of the arms, gave a very singular appearance to the centrodorsal of the comatulid.

OPHIURAN.

H. C. Chadwick records that from a specimen of Heterometra savignii taken

at Ul Shubuk, Sudanese Red Sea, in nine fathoms which was whitish with a violet

tinge, with patches of darker color and of yellow, he took 15 ophiurans which
lived with their arms twisted around those of the comatulid, and that the color of

these on the whole resembled that of their host.

OPHIDRAN PLCTEDS.

Dr. P. H. Carpenter mentions finding an ophiuran larva attached by its long

pluteus arms to the column fragment of Metacrinus tuberosus which was dredged

by the Challenger off the Kei Islands, in 140 fathoms. He considers this associa-

tion as probably merely accidental.

MOLLUSCA,

GASTEROPODA.

Professors Rene Kcehler and Clement Vaney, of the University of Lyons, have

recently published a most excellent memoir upon the ectoparasitic gasteropods,

nearly all of which occur upon echinoderms.

These parasites fall into four classes. The first comprises species belonging
to the family Capulidse, all included in the genus Thyca; the second is composed
of species belonging to the family Melanellidae, which are distributed in the genera

Melanella, Sabinella, Pelseneeria, Mucronalia, Stylina, Stilifer, Megadenus, and

Gasterosiphon; the third is represented by the curious Ctenosculum described by
Heath

;
and the fourth by two pyramidellids described by Pelseneer which are para-

sitic upon the lamellibranchs.

None of the wormlike endoparasitic gasterpods, such as Entoconcha, Enter-

oxenos, and Entocolax, are known to occur in the crinoids.

Of the echinoderms the starfishes most frequently support ectoparasitic gaster-

pods, and upon them occur species of the genera Thyca, MelaneUa, MucronaMa,
/Btilifer, and Ctenosculum, nearly all of the records being from the East Indian

region.
Next to the starfishes the crinoids appear to be the most subject to this form

of parasitism, and upon them occur species of the genera StUifer, Stytina, Sabinella,
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and Melanella; Stylina is known only from the Mediterranean, and Sabinella, as a

parasite on crinoids, from Ceylon, Singapore, and the Queen Charlotte Islands;

Stilifer and Melanella occur both in the Atlantic and in the Indo-Pacific.

Gasterosiphon, internal and without a shell, though fundamentally an external

parasite, is found in a deep-sea holothurian. Megadenus, truly parasitic, and

exhibiting a very marked sexual dimorphism, lives upon the arborescent tentacles

of a species of the genus Holothuria in the West Indian region. In another species

of the same genus in the East Indian region Melanella has been found attached to

the external surface and in the buccal cavity ;
while in a third species on the coast of

Norway a species of Melanella is found in the digestive tube, where, however, it is

scarcely more than a commensal.

Several species of Stilifer, and especially of Pelseneeria, have been found

upon echinoids, mostly from deep water, both in the Atlantic and in the Pacific,

and the genus Mucronalia has been reported from two ophiurans, Ophiothrix

crassispina Krchler from the Dutch East Indies in 274 meters, and 0. deposita
from the same region in 310 meters.

We know nothing whatever of the habits of the gasterpods occurring on the

crinoids: as found they are always very firmly attached to the hosts, but, on the

other hand, the frequent presence of perforations in the calyx in addition to those

covered by the shells appear to indicate that they are not permanently fixed in one

position, but possess the power of changing their location.

In 18b8 Count Pourtales wrote that among the small stalked crinoids dredged
in 237-306 fathoms off the Samboes and off Sand Key, Florida, an)d referred

by him to B'

ourgueticrinus hotessieri (a species of Bythocrinus), he found one

which had three small examples of a species of Stilifer adhering to the outside of

the calyx, and that small round holes, bored probably by these parasitic molluscs,

could be seen also in the calices of some of the others.

In 1875 Prof. Ludwig von Graff, who at that time was engaged in his studies

upon the Myzostoma, found upon Antedon mediterranea a small gasteropod, which,

truly parasitic, is attached to the anal tube or pinnules into which it bores a hole.

He called it Stylina comatulicola.

In 1877 Sir Wyville Thomson mentioned two specimens of "Rhizocrinus lofo-

tensis
"
dredged by the Challenger off Cape Agostinho, Brazil, each of which was

infested with several specimens of a species of Stilifer, and in 1884 Dr. P. H. Car-

penter, evidently having in mind the records of Pourtales and Thomson, wrote that

Rhizocrinus lofotensis is often infested with two or three small shells of Stilifer,

which bore comparatively large holes in its calyx.
In 1895 Dr. Clemens Hartlaub figured a parasitic gasteropod attached to

an undetermined comatulid, apparently a species of Rathymetra, from the Gulf of

Panama. He states that it is related to Stilifer and according to Professor von
Martens is apparently a Mucronalia.

On the specimens upon which I based the new species Ptilocrinus pinnatus I

found a number of parasitic gasteropods, which Dr. Paul Bartsch described in

1907 under the name of Eulima ptilocrinicola.
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In 1908 Dr. William H. Dall bestowed the name of Stilifer bathymetrce upon

the gasteropod figured in 1895 by Hartlaub, and Monterosato referred Bartsch's

Eulima ptilocrinicola to his new genus Sabinella.

While studying the crinoids of the Copenhagen Museum I found upon a speci-

men of Capillaster multiradiata from Singapore a parasitic gasteropod related to

the species occurring on Ptilocrinus pinnatus; this Doctor Bartsch named in 1909

Eulima capillastericola.

In 1912 Professors Rene Koehler and C. Vaney published an extensive memoir

upon the ectoparasitic gasteropods, treating in detail those parasitic upon the

echinoderms but adding no new information in regard to those occurring upon

the crinoids. In the same year I recorded the occurrence of a small species of

Eulima on Heterometra reynaudii from Palk Strait, Ceylon, and at the same

time stated that I had found the same genus parasitic on Stenometra diadema in

southern Japan, the specimens being in the hands of Dr. William H. Dall for

description.

On some specimens of Annametra occidentals from Simon's Bay, Cape of

Good Hope, collected by the German South Polar Expedition, I found seven speci-

mens of a new parasitic gasteropod which were described in 1915 by Dr. J. Thiele

as Eulima capcnsis. At the same time he referred Bartsch's Eulima capillastericola

to Monterosato's genus Sabinella.

In the same year Lieut. F. A. Potts noted that two or three very small gas-

teropods, apparently parasitic, had been found by him on comatulids at Torres

Strait.

STILIFER BATHYMETRY DALL.

PI. 57. tig. 1362.

Host. Bathymetra, sp.

Locality. Vicinity of Malpelo Island, Bay of Panama.

Depth. 1,772 fathoms.

STILIFER, SP.

P. H. Carpenter says that Rhizocrinus lofotensis is often infested with two

or three small shells of Stilifer which bore comparatively large holes in its calyx.

Carpenter's Rhizocrinus lofotensis included several distinct species, and it

is not certain to which form he referred; his note was, however, based at least

in part upon the following records:

STILIFER, SP.

Host. Bythocrinus, sp.

Locality. Off the Samboes and off Sand Key, Florida.

Depth -237, 248, and 306 fathoms.

Remarks. Among numerous specimens of Bythocrinus, sp., from these locali-

ties Pourtales found one with three small Stilifers adhering to the outside of

the calyx, and others with small round holes in the calyx, probably bored by
these gasteropods.

142140 21 Bull. 82 43
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73TILIFER, SP.

Host. "Rhiaocrinus lofotensis" (PBythocrinus, sp.).

Locality. OS Cape Agostinho, Brazil (lat. 9 10' S., long. 34 49' W.).

Depth. 400 fathoms.

Remarks. Sir Wyville Thomson states that among the special prizes from this

station were two specimens of Rhizocrinus lofotensis, eaah infested by several in-

dividuals of a species of StUifer.

STYLINA COMATULICOLA VON GRAFF.

Host. Antedon mediterranea.

Locality. Naples.
Remarks. The gasteropods were fastened to the skin of the anal tube or of the

pinnules, and after their removal a deep hole was left.

On 175 specimens sent from Naples to Professor von Graff he found eight

Stylinas; on one individual 1, attached to the anal tube; on another 1, attached

to a pinnule, and on a third 2, 1 on the anal tube and 1 on a pinnule. The other

4 were found detached in the bottom of the container.

An examination of 33 specimens of Antedon adriatica from Trieste yielded
no specimens.

SABINELLA PTILOCRINICOLA (BARTSCH).

PI. 57, figs. 1356-1361.

Host. Ptttocrinus pinnatus; on the calyx, which it sometimes distorts.

Locality. Off the Queen Charlotte Islands, British Columbia.

Depth. 1,588 fathoms.

SABINELLA CAPILLASTERICOLA (BARTSCH).

Host. Capillaster multiradiata; on the cirri near their base.

Locality. Singapore.

Dep th. Littoral .

SABINELLA, SP.

Host. Heterometra reynaudii,- on the cirri near their base.

Locality. Palk Strait, Ceylon.

Depth. Littoral.

MELANELLA CAPENSIS (THIELE).

Host. Annametra occidental^ ; on the disk.

Locality. Simon's Bay, Cape of Good Hope.

Depth. Littoral.

Remarks. Thiele states that this species resembles M. elongata from the coast

of France.

MELANELLA, SP.

Host. Crinometra, sp. ;
from a pinnule.

Locality. Off Habana, Cuba.

Depth. The genus Crinometra occurs in the Caribbean Sea in water of
from 33 to 600 fathoms in depth ;

it is most common between 100 and 250 fathoms.
Remarks. This form appears to be near M. capensis from South Africa.
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JIELANELLA, SP.

Host. Stenometra diadema; on the cirri.

Locality. Southern Japan.

Depth. Stenometra diadema occurs in from 80 to 170 fathoms of water.

MELANELLA, SP.

Host. Rhizocrinus verrilli; on the calyx.

Locality. Off Nova Scotia.

Depth. 218 fathoms.

Remarks. In bulk the parasite is actually larger than the calyx of the crinoid.

There are two perforations in the calyx on the side opposite that on which the

gasteropod is attached, but probably made by the same individual.

5IEI.ANELLA, SP.

On a specimen of Coccomgtra hagenii in the collection of the Museum of Com-

parative Zoology from the Pourtales Plateau, in 200 to 225 fathoms, I found an

unusually large parasitic Melanella attached to the interradial portion of the disk

between the arm bases. Another specimen from the same locality showed a large

hole in the same position, apparently made by the same, or a similar, Melanella.

PARASITIC GASTEKOPOD.

Speaking of the small parasitic gasteropods which he found on comatulids at

Torres Strait, Lieutenant Potts says that while one or two were colorless, one

individual, which occurred upon a very handsome crinoid striped red-brown and

yellow, was very similar in color to its host. The shell was perfectly transparent,

but the body was red-brown with distinct yellow spots.

EGO CAPSCLES OF A GASTEROPOD.

Mortensen has reported having found the egg capsules of a gasteropod on the

cirri of Hathrometra prolixa.

PELECYFODA.

The young of bivalves are sometimes to be found attached to the cirri and

columns of the pentacrinites, much more rarely to the cirri of the comatulids, by
their byssus. Such association is nothing more than casual, though it is to be

observed almost every time that pentacrinites are brought up in the dredge.
P. H. Carpenter records finding a small Av-icula attached to one of the cirri

of a specimen of Metacrinus interruptus from lat. 10 14' N., long. 123 54' E.,

in 95 fathoms.

POLYZOA.

Several polyzoans are of casual occurrence on the crinoids, and a number of

species of the family Loxosomatidse appear to be not at all uncommon as com-

mensals on the cirri of comatulids, especially in the East Indian region.
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Family BICELLARIID^E.

GEMELLARIA LORICATA.

Mortensen has recorded young colonies of this species on the cirri of Hathro-
metra prolixa from northeastern Greenland.

Family LOXOSOMATID^E.

LOXOSOMELLA ANTEDONIS MORTENSEN.

Figs. 1241-1245, pi. 39.

This species was found by Mortensen on the cirri of Hathrometra prolixa
from latitude 77 N. and longitude 17.5 W., in 300 meters.

Osburn has recently recorded it from Etah, Foulke Fjord, Greenland, where it

occurred on the cirri of Heliometra glacialis.

ANNELIDA POLYCHJETA.

Family POLYNOIOE.

The first notice of a polynoid worm as a commensal on a comatulid was con-

tained in a letter from R. von Willemoes-Suhm to Prof. C. Th. E. von Siebold

and published by the latter in 1876. Willemoes-Suhm had observed in the Arafura
Sea black and white worms of this type living on a large black and white comatulid.

In 1902 A. Alcock recorded the discovery of a sea worm banded yellow and

purple living on a comasterid, which also was banded yellow and purple.
In 1908 H. C. Chadwick recorded a predominantly yellow specimen of Lampro-

metra palmata from Suez which had a brown commensal polynoid living upon it.

Lieut. F. A. Potts described in 1910 a species of Polynoe commensal on coma-
tulids which had been found by Prof. J. Stanley Gardiner in the Maldive Islands,
and in 1915 he described a second, which he himself had found at Torres Strait.

POLYNOE CRINOIDICOLA POTTS.

The original specimens were collected at the following localities: From
comatulids at Suvadiva Atoll

;
at Kolumadulu Atoll

;
with a crustacean from a

comatulid found on the west reef at Hulule, Male Atoll
;
and from a black comatulid

at Miladummadulu Atol
;
all these atolls are in the Maldive archipelago.

Potts states that the examples from two localities were dark red in color, but

others described as commensals on black comatulids are colorless in alcohol, though
they were black when alive.

POLYNOE MINCTA VAR. OCULATA POTTS.

This worm was found by Lieutenant Potts rather frequently on the darker
varieties of Comanthus annulatus at Torres Strait.

The dorsum, with the exception of two longitudinal pigment-free bands, is

covered by a dark brown pigment which is insoluble in 70 per cent alcohol. The
markings are hidden by the elytra, which are uniformly pigmented.
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Potts found these worms always of a dark, almost black, appearance, and

frequenting dark-colored crinoids, and believes that they must be absent from or

rare on the lighter-colored hosts.

Family SERPULID^.

The tubes of serpulid worms are very commonly found on the cirri and stems

of the pentacrinites, and occasionally on the cirri of the comatulids.

None of the species occurring on the crinoids have been determined, but

indefinite references to them are given by Mortensen (cirri of Hathrometra pro-

liva), Carpenter, and others.

MTZOSTOMIDA.

The Myzostomida, though very highly specialized and aberrant and differing

widely in many respects from the other members of the group, belong to the

Annelida Polychseta.

The great majority are parasites of crinoids, but a few species occur upon or

within starfishes and ophiurans.

Many of the myzostomes wander freely over the body of the host, while

others are more sedentary; some are more or less permanently fixed in one position,

causing enlargements or malformations of the underlying pinnule or arm; a few
attach themselves to the ambulacral surface of the pinnule, the segments of which

become larger and more hollowed out, thus forming a canal, while the whole

pinnule is wound spirally, forming a chamber in which the parasite lives; certain

species bore their way into the interior of a pinnule, which becomes swollen and

pear shaped, and others cause insignificant thickenings of the brachials with

fissures between them; some species cause the formation of small fusiform oval

chambers, arranged longitudinally or transversely and arising from the enlarge-
ment of some of the brachials or segments of the division series, while still others

form cysts upon the ambulacral surface, sessile or of various forms, or pedunculate
or club shaped, which are not produced by the transformation of a brachial or

pinnule segment. A few species are true internal parasites, living either in the

alimentary canal or in the ovaries.

The body of the myzostome is a more or less circular disk provided on the

margin with 10 pairs of digitiform processes. On the ventral side, arranged in

two semicircles, are five pairs of nonarticulate parapodia, in the intervals between

which, and nearer the margin, are four pairs of suckers. On the end of each of

the parapodia is a curved pointed hook supported by a straight rod, which in

order to guide the hook is furnished at its extremity with a bent end plate

(manubrium) and several smaller hooks. The whole apparatus is capable of

extension and retraction by means of a complicated system of muscles radiating
outward from a central ventrally placed muscular mass. Close to the anterior

end of the ventral surface is the mouth, and close to the posterior end is the aper-
ture of the cloaca. The alimentary canal consists of a muscular pharynx, which
can be extruded through the mouth, of an esophagus separated by a valve from
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the stomach, which is itself separated by a circular fold from the terminal portion
of the canal, the rectum

;
from the stomach a number of branched radiating caeca

take their origin. Beneath the stomach is the large oblong central nervous system,
which gives off anteriorly a commissure surrounding the pharynx. The sexual

organs are hermaphroditic. The female organs consist of a number of ovarian

caeca, dorsal in position ; they open into the cloaca by a central uterine tube. The
testes are usually ventral in position, and ramify on either side of the stomach;

. the caeca unite on either side into a spermatic vesicle, which opens to the exterior

between the third parapodium and the margin of the body.
In a few cases the radial arrangement of the body is considerably modified,

and it may even be entirely lost, the body becoming greatly lengthened and the

parapodia and suckers arranged in two parallel lines; while in StelecJwpus not

only has the external radial symmetry disappeared, but the muscular septa and the

muscles of the parapodia are no longer convergent.
While usually the apertures of the body, as well as the parapodia and suckers,

are situated upon the ventral surface, in a few cases the oral and cloacal openings
are upon one surface, while the parapodia are upon the other.

Broadly speaking, the myzostomes may be divided into two groups. In one

the body is stout and massive and of a solid consistency; the dorsal surface is

usually vaulted; as a rule, there are no cirri, or, if present, they are represented

by short inconspicuous processes. The ventral surface is bulged outward by the

strongly developed muscular mass, and from this central elevation a number of

smaller ridges run to the bases of the parapodia, and between them still smaller

ridges connect the central elevation with the suckers. On the dorsal surface there

are very often seen five pairs of feeble elevations, which mark the position of

the base of the hook apparatus, and which may become very much enlarged;
sometimes the whole intestine shows itself on the outside in the form of a series

of elevated ridges.

In the other the body is thin, flat, membranous, and somewhat transparent,
with a more highly transparent marginal border, owing not merely to the lesser

development of the muscles, but also to the fact that the ramifications of the

intestines and genital organs do not quite extend to the periphery. The greater

delicacy of the body in this group is owing to the slighter development of the

muscles of the body, especially of the ventral muscular mass; but the presence of

a more transparent marginal border is not confined to these forms. This group
is also characterized by the possession of long cirri or cirrus-like processes on the

margin of the body, of which the number occasionally exceeds 20.

There are numerous transitional forms which unite these two groups and can

with difficulty be assigned to either. Among these are the very remarkable types

distinguished by the possession of two, four, or six fingerlike caudal appendages.
In the cysticolous myzostomes the individuals contained in a single cyst

either resemble each other in form and size or are very different. In the latter

case each individual is either male or female, and the two sexes are very unlike

in appearance, the female being usually from 50 to 100 times as large as the male.
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That these forms are descended from androgynous species, in which the organs
of one sex have gradually become abortive, is shown by those types in the females

of which there are rudiments of testes but no male generative aperture. These
difficious species are also distinguished by the marginal position of the sexual

apertures, both male and female, and by the form of the testes in the males. In

a few, which resemble the free-living forms in the possession of 20 long cirri,

the testes have the typical ramified form. In all the others they are compact,
rounded organs occupying definite areas in the lateral portions of the body.

In those forms in which the individuals inhabiting one cyst are not different

in appearance the sexual organs have a different structure. Each individual in

this case is androgynous but differs from the free-living androgynous species in

that the testis is developed only on one side of the body, and there is but one

male genital aperture. In one species there are small remnants of the other testis

but no second male aperture. The testis also, as in the dioecious forms, is a small

compact gland.
The male and female being found associated in a common cyst and increasing

in size with the growth of the cyst shows that they perforate the brachials or

pinnules of their host together. The growth of the cyst is caused by the presence
of the parasite. The female deposits her eggs within the cyst, and the young

embryos, after they have abandoned the cyst and lost their ciliated coat, associate

in pairs and bore their way through the brachials.

In both sexes the sexual development begins with the appearance of testes,

but in the female the testes degenerate and disappear entirely, or leave but a

minute rudiment, when the ovaries make their appearance.

Wheeler takes exception to von Graff's supposition that the young myzo-
stomes associate in pairs and together take part in forming a cyst. From his

studies of Mysostomum parasitieum and M. pulvinar, both of which show a dis-

tinct tendency to occur in pairs, each consisting of a senior and a junior individual,

he is led to believe that, in the case of the cysticolous species, the cyst must be

formed by a single individual, and that later a young myzostome. when it abandons

its pelagic trochophore stage, must enter through the aperture of the eyst and

settle down to a quiet life with the senior individual, and that the latter probably
dies at the end of its female stage and, undergoing decomposition, may perhaps
serve as food for its still vigorous junior partner, which in turn may become the

senior partner of another young myzostome. According to this view, all the

cysticolous myzostomes of a given species would not be cyst producing, but only
those which, instead of entering the orifice of a preformed cyst in their juvenile

stage, happen to settle between the brachials or contrive to work their way into

the calcareous skeleton of the crinoid.

In species like M. cirri.ferum and M. parasitieum Wheeler recognizes during
their development the four following sexual phases :

1. A phase of sexual neutrality, or indifference.

2. A protandric phase, extending from the appearance of the first ripe sper-

matozoa to the appearance of the first ripe ova (male).
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3. An androgynous or functionally hermaphroditic phase, extending from the

appearance of the first ripe ova to the disappearance of the last ripe sperma-
tozoa (hermaphroditic stage).

4. A hysterogynous phase extending from the disappearance of the last sper-

matozoa to the disappearance of the last ripe ova, an event which is very probably
not attained at the time of the animal's death (female).

Wheeler states that in M. pulvinar, and probably in many of the cysticolous

species which are supposed to be dioscious, the male phase ( $ ) is very short and

terminates before the retarded appearance of the first mature ova, so that this

species lacks a functionally hermaphroditic stage ( 3 ) corresponding to that of

M. cirriferum and M. parasiticum, and instead there intervenes a period during
which the animal grows but does not produce spermatozoa or ova

;
hence when a

number of specimens are examined this sharp separation of the male and female

phases in time has superficially the same appearance as the separation in space

in gonochoristic forms with dwarf males.

Among the other animals parasitic on crinoids an exactly similar asynchronism
and sequence in the ripening of the sexual products occurs in Anilocra.

To determine the relative abundance of Myzostomum glabrum and M. cir-

riferum von Graff examined 323 Antedons from Trieste (adriatica), Pirano

(adriatica} , Naples (mediterranea) ,
and Messina (mediterranea) , and found 123

specimens of M. glabrum and over 1,600 of M. cirriferum.

The relative abundance of the two species is thus 1 :14, and on the average
there are 5.3 Myzostoma on each Antedon, 4.9 cirriferum, and 0.38 M. glabrum;

or, each Antedon from the Mediterranean bears on the average 4 to 5 M. cirriferum,

and each third Antedon 1 M. glabrum. But these averages do not represent the

true state of affairs, for fully a third of the Antedons are entirely free from these

parasites. Of the 323 examined, not quite two-thirds carried M. cirriferum, while

scarcely one-fourth carried M. glabrum; and while M. cirriferum almost always
was present in greater numbers than M. glabrum, occasionally M. glabrum
occurred in greater numbers than M. cirriferum.

The 123 specimens of M. glabrum were taken from 69 Antedons, on which

they occurred with the following frequency :

On 39 Antedons, 1. On 3 Antedons, L
On 15 Antedons, 2. On 1 Antedon, 5.

On 10 Antedons, 3. On 1 Antedon, 7.

While as a rule there are rarely more than 3 M. glabrum on a single Antedon,
there are commonly from 6 to 8 or more M. cirriferum, and on a specimen of

A. adriatica from Trieste von Graff found no less than 27 of the latter.

On a specimen of Tropiometra macrodixcus collected by Mr. Alan Owston in

southern Japan I found 93 rather large myzostomes.
The dorsal surface is sculptured only in the larger species, which are also

often distinguished by large elevations and ridges on the surface of the body.
This sculpturing, when present, takes various forms; the dorsal surface may be

covered by fine folds; the skin may be divided by longitudinal and cross furrows
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into a number of variously sized polygonal areas, minute, or larger, and separated

by deeper furrows; or the skin may be covered by a quantity of small tubercles

pressed close together or separated by intervals into larger and smaller groups;

the tubercles may be of equal size, only diminishing slightly toward the borders,

or of very different dimensions; occasionally they become so minute and closely

packed that the skin acquires a granular appearance, while on the other hand they

are sometimes highly developed and arranged in radial lines.

Von Graff states that the group of species containing the larger and stouter

forms displays most variety in color and sculpturing, though only on the dorsal

surface, the ventral surface being always of a uniform dull yellow or brown. The

species of the second group are nearly all yellow or brown, which are the pre-

vailing colors of the myzostomes, with a somewhat lighter colored margin. The

larger forms occasionally exhibit a pattern of two colors on the dorsal surface.

Semper stated that he found Myzostomv/m glabrum (" tuberculosum"), which

is spotted with red and yellow, living only on variegated comatulids, while the

uniformly colored M. cirriferum he found only on red comatulids, which it matches

in color.

Von Willemoes-Suhm recorded the presence, in the Arafura Sea, of black and

white spotted myzostomes living upon black and white comatulids.

At Trieste von Graff examined 203 specimens of Antedon adriatica and found

black, yellow and whitish myzostomes just as commonly on red individuals as red

myzostomes on variegated individuals.

In a special investigation of over 200 comatulids at Murray Islands, Torres

Strait, Lieutenant Potts found that blackish, yellow, and white myzostomes were

just as frequently to be found on red comatulids as blood-red myzostomes on varie-

gated comatulids.

Lieutenant Potts states that the myzostomes found on the comatulids at the Mur-

ray Islands were very numerous and belonged to several species. They are in many
cases very brightly colored, and have pronounced color patterns. Generally speak-

ing, there are two types of pattern. In the first, concentric rings of bright and

dark pigment alternate; in the second, the dorsal surface is ornamented with

radiating ridges, and these are usually free from pigment or very light colored;

the ridges are thrown into relief by an edging of a dark pigment, purple or black.

The general ground color between the ridges as a rule approaches that of the

comatulid upon which the myzostome is found.

One of these was very common on the dark green or black varieties of Coman-

thus annulatus. The alternate black and nonpigmented rings are in vivid contrast,

but the myzostome is thin and the nonpigmented parts are so transparent as to be

inconspicuous against the dark ground of the host. This species seems to occur

only on the darker crinoids. In another species the same arrangement is found,

but much lighter hues prevail, green pigment alternating with very light brown.

The colors of the host were not noted.

When the host is very light colored the alternation of darker rings does not

occur. On a green variety of Coma/nthus annulatus a myzostome was found which
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matched it perfectly. The greater part of the body was bright green, but a few

white spots represented a broken ring of a lighter color; the edge was relieved by
dashes of black pigment, while the cirri were brownish. A very magnificent

example of the second type of coloration was found on a green form of Comanthus
annulatus. It resembled its host closely and was comparatively inconspicuous.
The general color was a bright green; the ridges appeared greenish white, darker

at the edges owing to the addition of a granular pigment, and around each there

was an intense black line. An allied form was found on darker crinoids. There

the ridges were white or yellow, surrounded by a darker line (in one case of

purple), and the ground color was brown. Lastly, in one or two forms almost

the whole upper surface may be covered by a dark pigment. Thus in one specimen
the dorsal surface was a dark green, only relieved by a white line down the middle,
while in another it was purple. These occurred on dark comatulids.

Lieutenant Potts concludes that, on the whole, the myzostomes showed a great
color resemblance to their hosts, though striking exceptions occurred, and, even

when the color schemes harmonized, protection from human sight, at least, was
not always secured.

The first published notice of a myzostome is found in Delle Chiaje's magnifi-
cent memoir on the invertebrate animals of the kingdom of Naples, which appeared
between 1822 and 1829. Delle Chiaje figured a myzostome on the disk of an

Antedon, but he interpreted it not as a parasitic organism, but as a madreporic

plate, comparable to the madreporic plates of the starfishes.

Almost simultaneously F. S. Leuckart recognized these animals as peculiar
worms occurring on the comatulids, and in 1827 he described several species from
the Mediterranean and from the Bed Sea.

John Vaughan Thompson, who in 1827 had discovered the pentacrinoid young
of Antedon bifida and subsequently had devoted much attention to this animal,

naturally had noticed the parasitic myzostomes, and in the paper in which he

announced the discovery that his Pentacrinus europa'us was nothing more nor

less than the young of Antedon bifida, published in 1835, he says of them :

Connected with the natural history of the Cnmatula is that of a nondescript parasite which

appears to be a complete zoological puzzle, as it is not possible to determine from its figure

and structure to what class it ought to be referred. This little animal is figured
* *

much magnified, its natural size not exceeding that of the breadth of the ossicula of the arms

of tie Cfimatula; it resembles a flat scale, runs about with considerable vivacity on the arms
of the animal, and occasionally protrudes a flexible tubular proboscis ending In a papillary

margin. The disk or body is surrounded by IS or 20 retractile and movable tentacula, and

beneath is furnished with five pair of short members, each ending In a hooked claw. Query,

is it a perfect animal or a larva, and does it belong to the Crustacea, Annelides, or what?

In connection with his work upon the erinoids, Johannes Miiller in 1841

noticed Thompson's parasite and bestowed upon it the name of Cydocirra thomp-

sonii, at the same time expressing the opinion that Delle Chiaje's madreporic

plate was in reality a similar form. He entirely failed to see the connection

between these and the species which had been described by Leuckart in his new

genus Myzostomum.
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Sven Loven in 1840 and in 1842 published additional information regarding

the myzostomes of Antedon, and in 1858 Semper and also Diesing contributed to the

knowledge of the Mediterranean species, both describing several new forms.

In 1875 and 1876 C. Th. E. von Siebold published letters which he had received

from R. von Willemoes-Suhm, one of the young naturalists on board the Challenger.

In these letters which, having been written on shipboard by a youthful enthusiast,

to whom everything was new and interesting, in the midst of the activities of the

first great expedition for marine exploration, breathe the spirit of marine investi-

gation to a degree which can never be attained by one who writes in the seclusion

of the home from half-forgotten notes taken in the field, various encysting

myzostomes are described, dioecious species are recorded, and remarks on the general

biology of these animals are included.

The year 1877 saw the completion of Ludwig Graff's (later von Graff) mono-

graph on the genus Myzostomum (emended by him to Myzostoma), in which all

that was known about these creatures was included, and in which a considerable

number of new forms, largely from the Philippines, were described.

The appearance of this work at once called attention to Graff as the leading

authority on the myzostomes, and the authorities in charge on the material collected

by the numerous British exploring expeditions, actuated by the unselfishness and

absence of narrow nationalism which has always characterized the scientific men
of Britain, promptly turned over to him all the myzostomes in their possession.

Thus between 1883 and 1887 he was enabled to publish reports upon the myzostomes
of the Porcupine, Triton, and Challenger expeditions, his two volumes on the last

remaining to this day the most voluminous and extensive contributions to the

knowledge of the group from the systematic and distributional standpoint.

On the original specimen of Metacrinus rotundus, which had been dredged in

Sagami Bay, Japan, by Ludwig Doderlein, P. H. Carpenter found an interesting

myzostome, which von Graff described in 1885. In the same year he called atten-

tion to certain deformities in fossil crinoids, and suggested that they might have

been caused by myzostomes.
In 1885 P. H. Carpenter noticed certain cysts in the arms and pinnules of

Antedon which he thought were caused by myzostomes, but they were shown by
von Graff in 1887 to have a different origin.

In 1886 von Graff described some new myzostomes which were found on the

comatulids in the Zoological Museum at Copenhagen ;
and in 1887 F. von Wagner,

one of his students, described a curious new form which he had found associated

with Antedon adriatica on the Dalmatian coast.

Up to 1895 all the known myzostomes were parasitic upon the crinoids. and

were either free-living or inclosed in cysts which, more or less developed, opened
to the exterior. In that year Emil von Marenzeller made known a new type,

Myzostomum asterice, which lives as a true endoparasite in certain starfishes.

In 1896 William Morton Wheeler, in a paper primarily on the sexual phases
of the myzostomes, described several new species which he had found on penta-
crinites in the British Museum.
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In 1902 Hubert Lyman Clark announced the discovery of myzostomes on some

ophiurans from southern Japan, and in 1905 Wheeler described a new species

entoparasitic in a starfish from southern California.

August Reichensperger described a new species in 1906 from the West Indian

Isocrinus dccorus.

In 1906 also Hubert Ludwig described an entoparasitic chsetopod, Ophiuricola

cynips, from a deep-sea ophiuran. While not related to the myzostomes, this

animal, nevertheless, is of considerable interest in connection with them.

Several new myzostomes from southern Japan (including those parasitic on

ophiurans mentioned by H. L. Clark in 1902), the West Indies, and the Pacific

coast of North America were described by Jesse F. McClendon in 1906 and 1907;
and in 1908 Rudolf Ritter von Stummer-Traimfels gave a detailed account of two

forms which had been found on the crinoids brought back by the Discovery from
the shores of the Antarctic continent.

In 1912 D. Fedotoff described a very extraordinary myzostome, which he

called Protomyzostoma polynephris, and which he had found entoparasitic in an

astrophyton or basket-fish, Goryonocephalus eucnemis. Recently he has given a

very detailed account of this type, and has announced its discovery in Gorgono-

cephalus arcticus in the Kara Sea.

In 1915 Charles L. Boulenger described the myzostomes from the comatulids

collected by Mr. Cyril Crossland in the Sudanese Red Sea, among which he found

one new species.

The anatomy and embryology of the myzostomes have engaged the attention

of many able investigators : the life history has been treated by Elias Metschnikoff

(1866) and John Beard (1884) ;
the sexual conditions by Beard (1894 and 1898),

Wheeler (189-4, and especially 1896), and A. F. Coventry (1910) ;
various phases of

the embryology by Wheeler (1895, 1896, and 1897), Kostanecki (1897, 1898, and

1905), and Carazzi (1904) ; and the general anatomy by Nansen (1885 and 1887),
von Wagner (1886), H. Pruho (1S92), von Stummer-traunfels (1903 and 1908),
Maidl (1910), G. Retzius (1910). Boulenger (1911 and 1915), and Fedotoff (1914
and especially 1916).

The following list includes all the known species of myzostomes :

MYZOSTOMUM HOROIX)GIUM VON GRAFF.

Occurrence. Free-living.
Hosts. According to P. H. Carpenter most probably Comatula rotalaria and

Comatula Solaris, but more likely Zygometra microdiscus and Zygometra elegans.

Localities. Challenger Station 186, Prince of Wales Channel, Torres Strait

(lat. 10 30' S., long. 142 18' E.), 8 fathoms; and CJiattenger Station 187, off

Booby Island, Torres Strait (lat. 10 36' S., long. 141 55' E.), 6 fathoms; probably
also Challenger Station 190, in the Arafura Sea (lat. 8 56' S., long. 136 05' E.), 49

fathoms.

Remarks. This appears to be the species mentioned by von Willemoes Suhm
as occurring on a large black and white comatulid in the Arafura Sea.
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At Challenger Stations 186, 187, and 190 (the last probably the station referred

to by von Willemoes-Suhm) the large species of Zygometra, Z. microdiscus, or

Z. elegans, were taken, while at the last in addition to Zygometra only Homalo-
mctra denticulata was found. These species of Zygometra occur black and white,
while so far as we know Comatula rotalaria and C. Solaris, in common with all

the species in the subfamily to which they belong, are always unicolor, red to

brown, deep purple or black, with the dorsal side of the arms sometimes lighter.

Apparently the station to which von Willemoes-Suhm referred was Station 190, in

49 fathoms a depth beyond the known bathymetric range of Comatula rotalaria

and of C. Solaris.

MYZOSTOMUM LONGIPES VON GRAFF.

ccurrence. Free-living.
Host. Uncertain.

Locality. Blake Station 269, off St. Vincent, West Indies, 124 fathoms.

MYZOSTOMUM CHINES1CUM VON GRAFF.

Occurrence. Free-living.
Host. Uncertain.

Locality. Dredged in the China Sea.

MYZOSTOMUM LABIATUM VON GRAFF.

Occurrence. Free-living.
Host. Probably Pachylometra incequalis.

Locality. Near Kandavu, Fiji (lat. about 19 06' S., long, about 178 18' E.).

210, 225, or 610 fathoms.

MYZOSTOMUM ECHINUS VON GRAFF.

Occurrence. Free-living.

Hosts, Comanthus parvicirra and probably Pachylometra incequalis or Chari-

tometra incisa.

Localities. Challenger Station 174, near Kandavu, Fiji (latitude about 19 06'

S., longitude about 178 18' E.), 210, 225, or 610 fathoms; and between Swatow
and Formosa (Taiwan) (lat. 23 20' N., long. 118 30' E.), 17 fathoms.

Remarks. Comanthus parvicirra is an exclusively littoral type, while both

Pachylometra incequalis and Charitometra incisa are from deep water. With the

two last there were recorded from Challenger Station 174 Comatella stelligera,

Comaster novceguin^ce, Comanthus parvicirra, Stephanometra spicata, and Lampro-
metra protectus, all littoral species which certainly did not occur with them in life.

It is most likely that Myzostomum echinus from Station 174 lived on one of these.

MYZOSTOMUM ALATUM VON GRAFF.

ccurrence . Free-living.

Hosts.- Leptometra celtica and L. phalangium.
Localities. The Minch; The Minch, 60-80 fathoms; off Loch Scavaig, Skye;

Porcupine Station 13, 1870, off Cape Mondego, Portugal (lat. 40 16' N., long.
9 37' W.), 220 fathoms; off Carthagena, Spain, 80 fathoms.
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MYZOSTOMUM CO8TATOM F. S. LEUCKART.

Figs. 1255-1262, pi. 40.

Occurrence. Free-living.

Hosts. Comatula Solaris, Comanthus parvicirra, Heterometra savignii, fLamp-
rometra palmata, Prometra chadwicki, and ophiurans commensal on Heterometra

savignii. Comatula, or Antedon, triqueta Semper, MS., is also given as a host of

this species, but this form has never been identified.

Localities. Red Sea
; Tur, near Sinai

;
Ul Shubuk, 9 fathoms

;
Suez Bay, 10

fathoms; near Bohol, Philippines.

MYZOSTOMUM PL1CATUM VON GRAFF.

Occurrence. Free-living.

Host. Comatella stelligera.

Locality. Australia.

MYZOSTOMUM RUBROFASCIATUM VON GRAFF.

Fig. 1263, pi. 40.

ccurrence. Free-living.

Host. Uncertain
; Boulenger states that his specimens were obtained from an

unidentified comatulid.

Localities. Tur, near Sinai, Red Sea; Forculch Barrier Island, Red Sea.

MYZOSTOMUM PARASTTICUM F. S. LEUCKART.

Synonyms. Myzostomum glabrum F. S. Leuckart.

Myzostomum tuberculosum Semper.
Occurrence. Free-living; this species is found on the disk in the immediate

vicinity of the mouth.

Hosts. Antedon adriatica, A. mediterranea, A. bifiida, and A. petasus.

Localities. Adriatic Sea, at Cattaro; Mediterranean Sea, at Naples. It is

stated to be very common on the disks of the several species of Antedon in all

European seas.

MYZOSTOMUM OK3AS (I.UTKEN, MS.) VON GRAFF.

Occurrence. Free-living.

Hosts. Heliometra glacialis and Tropiometra picta.

Localities. Barents Sea (lat. 76 51' N., long. 44 20' E.), 145 fathoms;
Barents Sea (lat. 74 71' 04" N., long. 50 23' E.), 84 fathoms; Porcupine Station

57, 1869, southeast of the Faroe Islands (lat. 60 14' N.; long. 6 17' W.), 632

fathoms
;
Jan Meyen ; Proven, north Greenland, 50 fathoms

; Challenger Station 48,

Le Have Bank (lat. 43 04' N.. long. 64 O.
r
>' W.), 51 fathoms; Bahia, Brazil.

MYZOSTOMUM GIGANTEUM NANSEN.

Occurrence. Free-living.
Host. Hathrometra prolixa.

Locality.
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MYZOSTOMUM TESTUDO VON GRAFF.

Occurrence. Free-living.
Host. Nemaster rubiginosa.

Locality. Blake Station 285, off Barbados, 13 to 40 fathoms.

MYZOSTOMUM CHELONIUM M'CLENDON.

Occurrence. Free-living.
Host. One or more of the local species of Calometridse.

Locality. Southern Japan, Suruga Gulf and Sagami Bay.

MYZOSTOMUM CHELONOIDIUM M'CLENDON.

Occurrence. Free-living.
Host. One or more of the local species of Calometridse.

Locality. Southern Japan, Suruga Gulf and Sagami Bay.

MYZOSTOMUM LUTKENI VON GRAFF.

Occurrence. Free-living.

Host. Comanthus parvicirra.

Locality. Tonga Islands.

MYZOSTOMUM PALLIDUM VON GRAFF.

Occurrence. Free-living.

Hosts. Comatula Solaris, Comanthus parvicirra, and an undetermined conia-

tulid referred to
" Comatula.'11

Locality. Near Bohol, Philippines.

MYZOSTOMUM MARGINATUM VON GRAFF.

Occurrence. Free-living.

Hosts. Nemaster iowensis and N. dwcoidea.

Localities. Blake Station 155, off Montserrat, 88 fathoms; and Blake Sta-

tion 203, off Martinique, 96 fathoms.

MYZOSTOMUM GRAFFI NAN8EN.

Occurrence. Free-living.

Host. Hathrometra prolixa.

Locality.

MYZOSTOMUM BREVU'ES VON GRAFF.

Occurrence. Free-living.
Host. Crinometra, sp. ;

von Graff states that the host is Antedon poutalesii,
but this species has not been determined with certainty.

Locality. Off Carriacou, Grenadines, 163 fathoms.

MYZOSTOMUM CARI-ENTERI VON GRAFF.

Occurrence. Free-living.
Host. Hathrometra prolixa.

Localities. Triton Station 5, south of the Faroe Islands (lat. 60 11' 25" and
60 20' 15" N., long. 8 15' 00" and 8 08' 00" W.), 285 to 433 fathoms; off eastern
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Greenland (lat. 77 18.5' N., long. 18.5' W.), in 304 meters, and (lat. 76 06' N.,

long. 13 26' W.), in 200 to 250 meters.

MTZOSTOMUM AEEOLATUM VON GRAFF.

Occurrence. Free-living.

Hosts. Comactinia echinoptera and Comactinia meridionalis (recorded as

Actinometra blakei and Actinometra meridionalis var. quadrata.
Localities. Blake Stations 172, off Guadeloupe, 62 to 100 fathoms; 203, off

Martinique, 10 to 27 fathoms; and 278, off Barbados, 69 fathoms.

MTZOSTOMUM TRISTE VON GRAFF.

Occurrence. Free-living.

Hosts. Comanthus parvicirra, and undetermined comatulids recorded as
"
uncertain," and "

Comatula, sp., in 111. Semper collectione No. 6 signata."

Localities. Near Bohol, Philippines, and Oceania ("Tahiti, Samoa, etc.").

MYZOSTOMUM CORIACEUM VON GRAFF.

Occurrence. Free-living.

Host. Colobometra perspinosa, and "
a black Actinometra (n. sp.)."

Localities. Port Denison, Queensland, 3 to 4 fathoms
;
Moluccas.

Remarks. The host of this species was originally recorded as Antedon insignis

Bell; later von Graft stated, on the authority of P. H. Carpenter, that Bell had

changed his specific name insignis to loveni; but insignis-loveni is the same species

that had previously been described by Carpenter under the name perspinosa.

MTZOSTOMUM RAPIATUM VON GRAFF.

Occurrence. Free-living.
Host. A species closely allied to, if not, Comactinia meridionalis.

Locality. Near Barbados.

MTZOSTOMUM PULVTNAR VON GRAFF.

Occurrence. Free-living.

Hosts. Leptometra celtica and L. phalangium.
Localities. The Minch, 60 to 80 fathoms; off Loch Scavaig. Skye; Bay of

Sorrento (near Naples).

MYZOSTOMUM CALTCOTTLE VON GRAFF.

Occurrence. Free-living.

Host. Endoxocrinus alternicirrus.

Locality. Challenger Station 214, off the Meangis Islands, 500 fathoms.

MTZOSTOMUM COMPRESSUM VON GRAFF.

Occurrence. Free-living.

Host. Ilycrinus australis.

Locality. Challenger Station 146, in the vicinity of the Crozet Islands (lat.

46 46' S., long. 45 31' E.), 1,375 fathoms.
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MYZOSTOMUM BREVICIRRTTM VON GRAFT.

Occurrence. Free-living.
Host. Comanthus parvicirra.

Localities. Between Swatow and Formosa (Taiwan) (lat. 23 20' N., long.

118 30' E.), 17 fathoms, and the Tonga Islands.

MYZOSTOMUM PICTUM VON GRAFF.

Occurrence. Free-living.

Host. Probably Stylometra spinifera.

Locality. Blake Station 157, off Montserrat, West Indies, 120 fathoms.

MTZOSTOMUM NIGRESCENS VON GRAFF.

Occurrence. Free-living.

Host. Comanthus parvicirra.

Locality. Tokyo Bay, Japan.

MYZOSTOMUM CIRRIFERUM F. 8. LF.UCKART.

Synonyms. Cyclocirra thompsonii J. Miiller.

Myzostomum thomsoni Diesing.

Myzostomum schultzeanum Diesing.

Occurrence. Free-living.

Hosts. Antedon petasus, A. bifida, A. mediterranea, A. adriatica, and Hath-

rometra prolixa.

Localities. Probably cold area, Faroe Channel (Porcupine, 1869) ;
Triton

Station 3, on the Faroe Banks (lat. 60 39' 30" N., long. 9 06' 00" W.), 87

fathoms; Norway; Arendal, Norway; western coast of Sweden; Cattegat; Bressay

Sound, Shetland, 5 to 7 fathoms ;

" northern seas
"

; Arran, 5 to 10 fathoms
;
Isle

of Man
;
Oban

;
Keumaes Bay, north coast of Anglesea ; Torquay ;

Ireland
; Naples ;

Trieste.

Remarks. This is the species that was mistaken by Delle Chiaje for a madre-

poric plate. Miiller recognized his figure as representing a parasite similar to the

one to which attention had already been called by J. V. Thompson, upon which he

bestowed the name of Cyclocirra thompsonii.

MYZOSTOMUM CERRIFEROIDIUM M ?CLENDON.

Occurrence. Free-living.

Hosts. Crinometra insculpta and Analcidometra armata.

Localities. Albatross Stations 2752, off St. Vincent, West Indies, 281 fathoms;

2753, off St. Vincent, 281 fathoms
;
and 2146, near Colon, 34 fathoms.

MYZOSTOMUM CRENATUM VON GRAFF.

Occurrence. Free-living.

Host. fComactinia meridionalis.

Localities. Blake Station 203, off Martinique, 10 to 27 fathoms; and Inves-

tigator Station near St. Lucia (lat. 13 22' N., long. 61 07' W.), 278 fathoms.

14214021 Bull. 82 44
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MYZOSTOMUM LONGICIRRUM VON GRAFF.

Fig. 1265, pi. 41.

Occurrence. Free-living.
Host. Comanthus parvicirra.

Locality. Zamboanga, Philippine Islands.

MYZOSTOMUM WTVTLLETHOM80NI VON GRAFT.

Occurrence. Free-living.

Hosts. Metacrinug costatus and At . angulatus.
Localities. Challenger Stations 192. near the Kei Islands, 140 fathoms; and

214, off the Meangis Islands, 500 fathoms.

MYZOSTOMUM CIRCINATUM WHEELER.

Occurrence. Free-living.
Host. Endoxocrinus alternicirrus or Hypalocrinus nnresianus.

Locality. Challenger Station 214, off the Meangis Islands, 500 fathoms.

MYZOSTOMUM VASTUM VON GRAFF.

Occurrence. Free-living.

Hosts. Comactinia echinoptera and Comanthus japonica.
Localities. Blake Stations 39, 16 miles north of the Jolbos Islands, south-

western part of the Yucatan Bank, 14 fathoms; and 203, off Martinique, 10 to 27

fathoms; and southern Japan.

MYZOSTOMUM AGASSIZII VON GRAFF.

Occurrence. Free-living.

Hosts. Coccometra hagenii and probably Stylometra spinifera.

Localities. Near Bahia Honda, Cuba, 100 fathoms; Blake Stations 32, on the

northern part of the Yucatan Bank, 95 fathoms; 155, off Montserrat, 88 fathoms;
and 269, off St. Vincent, 124 fathoms.

MYZOSTOMUM DUBIUM VON GRAFF.

Occurrence. Free-living.

Hosts. Heterometra crenulata (recorded as Comatula [or Antedon'] dubia)

and an unidentifiable species recorded as Comatula (or Antedon) triqueta.

Locality. Near Bohol, Philippines.

MYZOSTOMUM MOEBIANUM VON GRAFF.

Occurrence. Free-living.

Host. Eecorded as " Comatula. sp."

Locality. Fouquet Island, southeast of Mauritius, 18 fathoms.

Remarks. The species collected by Professor Mobius at Fouquet Island were

Oligometra occidentals, Tropiometra carinata, and Dorometra mauritiana.
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MYZOSTOMUM ELONGATtJM VON GRAFF.

Occurrence. Free-living.
Hosts. A specimen was found lying loose in a jar with Stephanometra spicata

and Lamprometra protectus, and another was taken from an unidentifiable species

recorded as Comatula (or Antedon) triqueta.

Localities. Near Bohol, Philippines; and Challenger Station 174, near Kan-

davu, Fiji, 210, 225, or 610 fathoms.

Remarks. There is some mistake in regard to the Challenger station given.
The species recorded from it, Stephanometra spicata and Lamprometra protectus,
are both littoral and could not have occurred at any of the depths given.

MYZOSTOMUM VERRUCOSUM VON GRAFF.

Occurrence. Free-living.

Host. An undeterminable species recorded as Comatula (or Antedon) triqueta.

Locality. Near Bohol, Philippines.

MYZOSTOMTTM DENTATUM VON GRAFF.

Occurrence. Free-living.
Hosts. Heterometra crenulata; another specimen was found lying loose in a

jar containing Comatula Solaris, Comanthus bennetti, and five endocyclic
comatulids.

Localities. Challenger Station 186, Prince of Wales Channel. Torres Strait,

8 fathoms
;
and the Moluccas.

MYZOSTOMUM FIMBRIATUM VON GRAFF.

Occurrence. Free-living.

Host. Heliometra glacialis.

Locality. Challenger Station 48, Le Have Bank (lat. 43 04' N., long 64

05' W),51 fathoms.

MYZOSTOMUM EXCISUM VON SRAFF.

Occurrence. Free-living.

Hosts. Coccometra hagenii, and a species recorded as Antedon impinnata.
Localities. Off Alligator Reef, Florida, 96 fathoms; and North Bay, Mau-

ritius, 15 fathoms.

MYZOSTOMUM TRREGULARE VON GRAFF.

Occurrence. Free-living.

Hosts. Comactinia echinoperta and C. meridionalis.

Localities. West of Tortugas;
" U. S. Coast Survey, 100 fathoms"; Blake

Stations 45. northwest of the Tortugas. 101 fathoms; 203, otf Martinique, 10 to 27

fathoms; and 249, off Grenada, 2G2 fathoms.

MYZOSTOMUM CARIRBEANUM VON GRAFF.

Occurrence. Free-living.

Host. Uncertain.

Locality. Caribbean Sea.
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MTZOSTOMTJM ROTUNDUM VON GRAFF.

Occurrence. Free-living.
Host. Comactinia echinoptera.

Locality. Blake Station 249, off Grenada, 262 fathoms.

MTZOSTOMUM ORLONGFM VON GRAFF.

Occurrence. Free-living.
Host. Probably Comactinia echinoptera.

Locality. Blake Station 249, off Grenada, 262 fathoms.

MYZOSTOMUM OBLONGUM VON GRAFF.

Occurrence. Free-living.
Host. Neocomatella pulchella.

Localities. Blake Stations 210, off Martinique, 191 fathoms
; 224, off St. Vin-

cent, 114 fathoms; and 269, off St. Vincent, 124 fathoms.

MYZOSTOMUM ELEOANS VON GRAFF.

Occurrence. Free-living.
Hosts. Comanthus par-oicirra, Comactinia meridionalis, and an unidentifiable

comatulid recorded as Comatula (or Antedon) triqueta.

Localities. Near Bohol, Philippines ;
and off French Reef, Florida.

MYZOSTOMUM EVERMANNI M'CLENDON.

Occurrence. Free-living.

Host. Comactinia echinoptera.

Locality. Albatross Station 2166, off Habana, Cuba, 196 fathoms.

MYZOSTOMUM ANTENNATUM VON GRAFF.

Occurrence. Free-living.

Host. Recorded by von Graff as uncertain
;
McClendon found it on Comanthus

pinguis and on Metacrinus rotundus.

Localities. Amoy, China, and Suruga Gulf and Sagami Bays, southern Japan.
Remarks. According to McClendon the following should be considered a

synonym of this species:

MYZOSTOMUM AMBIGUUM VON GRAFF.

Fig. 1266, pi. 41.

Occurrence. Free-living.

Host. This species was found lying loose in a jar with Comatula solar-Is,

Comanthus bennetti, and five endocyclic comatulids.

Locality. Moluccas.
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MYZOSTOMUM CORNUTUM VON GRAFF.

Occurrence. Free-living.

Hosts. Thaumatometra cypris, and an undeterminable species recorded as

Comatula (or Antedon) triqueta.

Localities. Challenger Station 236, south of Japan, 775 fathoms; and near

Bohol, Philippines.
MYZOSTOMUM BRACHIATUM VON GRAFF.

Occurrence. Free-living.

Host. Comatella nigra.

Locality. Near Bohol, Philippines.

MTZOSTOMUM FISSUM VON GRAFF.

Occurrence.- Free-living.

Hosts. Uncertain; perhaps Pachylometra incequalis; another specimen was

found loose in a jar with Stepfianometra spicata and Lamprometra protectus.

Locality. Challenger Station 174, near Kandavu, Fiji, 210, 225, or 610 fathoms.

Remarks. Stephanome.tra spicata and Lamprometra protectus are both strictly

littoral types and could not have occurred at any of the depths given.

MYZOSTOMUM INTERMEDIUM VON GRAFF.

Occurrence. Free-living.

Host. -Zygometra microdiscus.

Locality. Challenger Station 187, off Booby Island, Torres Strait, 6 fathoms.

MYZOSTOMUM QUADRIFILUM VON GRAFF.

Occurrence. Free-living.

Hosts. Zygometra microdiscus and Fleterometra crenulata.

Locality. Challenger Station 186, Prince of Wales Channel, Torres Strait,

8 fathoms.

MYZOSTOMUM QUADRICAUDATUM VON GRAFF.

PI. 52, fig. 1344.

Occurrence. Free-living.

Host. Zygometra elegans.

Localities. Challenger Station 190, Arafura Sea, 49 fathoms; and Torres

Strait, 10 fathoms, Alert.

MYZOSTOMUM LOBATUM VON GRAFF.

Occurrence. Free-living.

Host. CapiUaster multiradiata.

Locality. Near Bohol, Philippines.
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MYZO8TOMUM FUEOATUM VON GRAFF.

Occurrence. Free-living.

Host. Found lying loose in a jar containing a black comasterid and several

other comatulids.

Locality. Moluccas.

MYZOSTOMUM BICAUDATUM VON GRAFF.

Occurrence. Free-living.

Host. Comactinia meridionalis.

Locality. West of the Tortugas, Florida.

MYZOSTOMUM FILICAUDA VON GRAFF.

Fig. 1264, pi. 41.

Occurrence. Free-living.
Host. Coccometra hagenii.

Locality. Off Sand Key, Florida.

MYZOSTOMUM FILJFEKUM VON GRAFF.

PI. 52, fig. 1343.

Occurrence. Free-living.

Host. Heterometra crenulata.

Locality. Challenger Station 186, Prince of Wales Channel, Torres Strait,

8 fathoms.

MYZOSTOMUM CARINATUM VON GRAFF.

Occurrence. Free-living.

Hosts. Neocomatella alata; another specimen was found on a comatulid re-

corded as Antedon impinnata; and a third was found loose in a jar containing

CoTnatula Solaris, Comanthus bennetti, and five endocyclic comatulids.

Localities. Blake Station 193, off Martinique, 169 fathoms; North Bay, Mau-

ritius, 15 fathoms; and the Moluccas.

MYZOSTOMUM CORONATUM VON GRAFF.

Occun'ence. Free-living.

Host. Ilycrinus australis.

Locality. Challenger Station 146, west of the Crozet Islands (lat. 46 46' S.,

long. 45 31' E.), l,37f> fathoms.

MYZOSTOMUM VINCENTINUM REICIIENSPERGER.

Occurrence. Free-living.

Host. Isocrinus decorus.

Locality. Blake Station 269, off St. Vincent, 124 fathoms.
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MYZOSTOMUM FOLIUM VON GRAFF.

Occurrence. Free-living.
Host. Cyllometra rnanca.

Locality. Challenger Station 192, near the Kei Islands, 140 fathoms.

MYZOSTOMUM MEMBRANACEUBI VON GRAFF.

Occurrence. Free-living.
Host. Stephanometra spicata.

Locality. Challenger Station 208, Philippine Islands (lat. 11 37' N., long.

123 31' E.), 18 fathoms.

MTZOSTOMUM BUCCHICHII VON WAGNER.

Occurrence. Free-living.

Host. Antedon adriatica.

Locality. Near Clemente Island, south of Lesina, Dalmatia.

MTZOSTOMUM CIRMPEDIUM VON GRAFF.

Occurrence. Free-living.

Host. Metacrinus rotundus.

Locality. Sagami Bay, southern Japan, 70 fathoms.

MTZOSTOMUM NANSENI VON GRAFF.

Occurrence. Free-living.

Host. This species was found lying loose in a jar containing a black comasterid

and several other comatulids.

Locality. Moluccas.

MTZOSTOMUM JAPONICUM M'CLENDON.

Occurrence. Free-living.

Hosts. Two ophiurans, both belonging to the family Trichasteridse, Ophiocreas

oedipus Lyman, and Astroceras pergamena Lyman.
Localities. Albatross Stations 3755, off southern Japan, 52 to 77 fathoms, and

4979, off southern Japan, 943 fathoms.

Remarks. It is of course possible that these myzostomes are of accidental

occurrence on the ophiurans, having crawled onto them from crinoids inhabiting
the same localities.

MYZOSTOMUM SMITHI M'CLENDON.

Occurrence. Free-living.

Hosts. One or more of the local species of Calometridae.

Locality. Southern Japan, Suruga Gulf and Sagami Bay.

Occurrence. Free-living.

Host. Metacrinus rotundus.

Locality. Southern Japan, Suruga Gulf and Sagami Bay.
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MYZOSTOMUM METACRINI M'CLENDON.

Occurrence. Free-living.

Host. Metacrinus rotundus.

Locality Southern Japan, Suruga Gulf and Sagami Bay.

MYZOSTOMUM CUBANUM M'CLENDON.

Occurrence. Free-living.

Host. Uncertain.

Locality. Albatross Station 2156, off Habana, Cuba, 289 fathoms.

Occurrence. Free-living.

Hosts. Florometra serratissima and F. perplexa.
Localities. Albatross Stations 3449, off the state of Washington, 135 fathoms;

and 3350, off northern California, 75 fathoms
;
and off Pacific Grove, California.

MYZOSTOMUM CRO8SLANDI BOULENGER.

Figs. 1251-1253, pi. 40.

Occurrence. Free-living.

Hosts. Heterometra savignii, Promctra chadwicki, and an undetermined

comatulid.

Localities. Red Sea
;
Ul Shubuk, and Suez Bay, in 10 fathoms.

MYZOSTOMUM AXTARCTICUM VON STUMMER-TRAUNFELS.

Occurrence. Free-living.

Host. Anthometra adriani.

Locality. Shores of the Antarctic continent, in 124 fathoms
; winter quarters

of the Discovery.

MYZOSTOMUM ASYMMETRICUM VON GRAFF.

Fig. 1282. pi. 43.

Occurrence. Sticking fast to, and enlarging, the pinnules.

Host. Endoxocrinus alternicirrus.

Locality. Challenger Station 214, off the Meangis Islands, 500 fathoms.

MYZOSTOMUM PLATYPUS VON GRAFF.

Figs. 12S6, 12S7, pi. 43, and pi. 57, fig. 1363.

Occurrence. In swellings on the disk. In regard to these swellings P. H.

Carpenter wrote to Professor von Graff :

Among six individuals of Actinometra no'bilis [Comanthina schlegcUi] from Sarubounga I

find one with some structures on the disk that I now recognize as Myzostonta cysts, though
I did not know them in 1S78. They seem to have no plating whatever, which Is curious. I

send you one with the Myzostoma inside, which I cut from a corner where the disk was torn;
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and I shall have another part of the disk with a group of cysts drawn by my best artist They
are always close to the arubulacral grooves and most frequently open into them, I suppose in

order that the Myzostoma may get hold of some of the food particles which are traveling towards

the mouth.

Host. Comanthina schlegelii.

Localities. Singapore, and Zamboanga, Philippines.

MYZOSTOMUM PENTACRINI VON GRAFF.

Figs. 1283-1285, pi. 43.

Occurrence. In swellings on the arms.

Host. Endoxocrinus alternicirrus.

Locality. Challenger Station 214, off the Meangis Islands, 500 fathoms.

MYZOSTOMUM CLARKI M 5CLENDON.

Occurrence. In cysts in the form of an oval enlargement with a pore at

either end.

Host. Metacrinus rotundus.

Localities. Albatross Station 3741, off southern Japan, 63 to 68 fathoms; and

Suruga Gulf and Sagami Bay, southern Japan.

MYZOSTOMUM EREMITA WHEELER.

Occurrence. In cysts.

Host. Metacrinus moseleyi.

Locality. Challenger Station 214, off the Meangis Islands, 500 fathoms.

MYZOSTOMUM CRYPTOPODIUM WHEELER.

Occurrence. In a smooth pea-shaped calcareous cyst.

Host. Metacrinus interruptus.

Locality. Not definitely known.

MYZOSTOMUM BEAIfDI VON GRAFF.

Figs. 1288-1290, pi. 44.

Occurrence. In swellings on the arms.

Host. Perissomctra ftexilw.

Locality. Challenger Station 192, near the Kei Islands, 140 fathoms.

MYZOSTOMUM BELLI WHEELER.

Occurrence. In hard calcareous galls at the base of the arms.

Host. Endoxocrinus alternicirrus.

Locality. Challenger Station 214, off the Meangis Islands, 500 fathoms.
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MYZOSTOMUM DEFORMATOR VON GRAFF.

Figs. 1277-1279, pi. 43.

Occwrence. Within the pinnules, which become swollen and ovoid.

Host. Endoxocrinus altcrnicirrus.

Locality, Challenger Station 214, off the Meangis Islands, 500 fathoms.

MYZOSTOMUM CYSTICOLUM VON GRAFF.

Figs. 1276, pi. 42, and 1293-1297, pi. 44.

Occurrence. In independent sessile cysts on the pinnules and on the ambu-

lacral side of the arms.

Hosts. Comactinia echinoptera, Comactinia meridionalis, and Anthometra

adriani.

Localities. Off Cape Frio, Brazil; Blake Station 249, off Grenada, 262

fathoms; and shores of the Antarctic Continent near Mounts Erebus and Terror,

500 fathoms.

MYZOSTOMUM CYSTICOLUM YAH. CYSTIHYMENODES M'CLENDON.

Occurrence. In uncalcified ovoid cysts protruding from the ambulacral groove
of the arms.

Host. Florometra asperrima.

Locality. Off the Trinity Islands. Gulf of Alaska, 159 fathoms, at Albatross

Station 2853.

MYZOSTOMUM CYSTICOLUM VAR. ORIENTALS M'CLENDON.

Occurrence. Found in a cyst 5 mm. in length with a pore at each end, which

contained two individuals, a large one occupying nearly the cavity of the cyst and

a small flat one between the larger and the wall of the cyst near one of the pores.

Host. One or more of the local species of Calometridse.

Locality. Southern Japan.

MYZOSTOMUM TENUISPINUM VON GRAFF.

Figs. 1254, pi. 40, 1270-1275, pi. 42, and 1298, 1299, 1302-1304, pi. 44.

Occurrence. In roundish arm cysts.

Hosts. Pachylometra inwqualis, Perissometra angusticalyx, Charitometra
basicurva, and Charitometra incisa.

Localities. Challenger Stations 170, off the Kermadec Islands, 630 fathoms;

174, near Kandavu, Fiji, 210, 225, or 610 fathoms: and 214, off the Meangis Islands,

500 fathoms.

MYZOSTOMUM WII.LEMCESII VON GRAFF.

Figs. 1267-1269, pi. 42, and 1291, 1292, pi. 44.

Occurrence. In spiral malformations of the pinnules.
Hosts. Pachylometra incequalis, Perissometra flexilis, and Charitometra basi-

curva.
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Localities. Challenger Stations 170, off the Kermadec Islands, 630 fathoms;

170, near Kandavu, Fiji, 210, 225, or 610 fathoms; and 192, near the Kei Islands,
140 fathoms.

MYZOSTOMUM INFLATOR VON GRAFF.

Occurrence. In independent sessile cysts.

Hosts. Neocomatella pulchella and Adelometra angustiradia.
Localities. Challenger Station 192, near the Kei Islands, 140 fathoms; and

Blake Station 294, off Barbados, 136 fathoms.

MYZOSTOMUM MURRAYI VON GRAFF.

Figs. 1300, 1301, pi. 44.

Occurrence. In independent stalked cysts.

Hosts. Horceometra duplex, Stiremetra breviradia, and Adelometra angusti-
radia.

Localities. Challenger Stations 170. off the Kermadec Islands, 630 fathoms,
and 192, near the Kei Islands, 140 fathoms

;
and Blake Station 269, off St. Vincent,

West Indies, 124 fathoms.

MYZOSTOMUM ASTERLE VON MARENZELLER.

Occurrence. Endoparasitic, living within the diverticula of the intestinal

tract.

Hosts. Two starfishes, both belonging to the family Asteriidse, Asterias rich-

ardi Perrier and Stolasterias neglecta Perrier.

Locality. Eastern Mediterranean.

MYZOSTOMUM FISHERI WHEELER.

Occurrence. Endoparasitic; one was found in an interradial portion of the

ccelomic cavity.

Host. A starfish of the family Goniasteridse, Ceramaster leptoceramus

(Fisher).

Locality. Off Point Loma, near San Diego, California, 376 to 594 fathoms.

MYZOSTOMUM, SP.

Occurrence. Free living.

Host. Amphimetra molleri.

Locality. Padau Bay, Mergtii Archipelago.

MYZOSTOMUM, SP.

Occurrence. Free living.

Host. Charitometra incisa.

Locality. Challenger Station 170, off the Kermadec Islands, 630 fathoms.

Remarks. Professor von Graff states that this species shows some resemblance

in form, thickness, and translucent marginal zone to M. brevipes.
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MTZOSTOMUM, 8P.

Occurrence. Free-living.

Host. Glyptometra tuberosa.

Locality. Challenger Station 210, off Panglao and Siquijor, Philippines, 375

fathoms.

MTZOSTOMUM, SP.

Occurrence. Free-living.

Host. Amphimetra molleri or Zygometra comata.

Locality. Padau Bay, Mergui Archipelago.

MTZOSTOMUM, 8P.

Occurrence. Free-living.
Host. Possibly TJiaumatometra tennis; Professor von Graff gives the host as

" a small form of Antedon."

Locality. Vladivostock.

MTZOSTOMUM, SP.

Occurrence. Free-living.
Host. "Antedon, sp."

Locality. Blake Station 219, off St. Lucia, 151 fathoms.

PROTOMTZOSTOMA POLTNEPHRIS FEDOTOV.

Occurrence. Endoparasitic, in the genital organs.
Hosts. Two ophiurans of the family Gorgonocephalidse, Gorgonocephalus

eucnemi-s (Miiller and Troschel) and G. arcticus Leach.

Localities. Kola Fjord, 100 to 180 meters (in Gorgonocephalus eucnemis) ;

Kara Sea (in G. arcticus).

STELECHOPUS HTOCIUNI VON GRAFF.

Occurrence. Free-living.
Host. Hyocrinus bethellianus (in the original description given as Hyocrinus

bethellianus and Ilycrinus australis, but later corrected).

Localities. Challenger Stations 146, west of the Crozet Islands (lat. 46 46' S.,

long. 45 31' E.), 1,375 fathoms; and 147, between Marion Island and the Crozets

(lat. 46 16' S., long. 48 27' E.), 1,600 fathoms.

Dr. L. E. Griffin reports finding undetermined species of myzostomes on speci-

mens of Stephanometra echinus and S. oxyacantha taken at Port Galera, Mindoro,

Philippines.
It is an interesting fact that the myzostomes are parasitized by several internal

organisms belonging to groups not known to infest their hosts.

Nansen has described a tapeworm, Tcpnm myzostoma, from Myzostomum
graffi. Dr. Brayton H. Ransom writes me that from Nansen's description it is
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not possible to determine the genus to which Tcenia mysostoma belongs, but that

presumably it is the larval stage of a fish tapeworm. Various genera are repre-

sented among the tapeworms of fishes, but very little is known of their larval

stages.

Wheeler has described a distome, Distoma myzostomatis, from Myzostomum
platypus a curious instance of a trematode parasitic within a myzostome, which

itself is parasitic within a crinoid.

Wheeler has also described Amoeba mysostomatis, possibly, as he suggests, the

young of some gregarine, which he found in great numbers in the body cavity

of Myzostomum parasiticum, where it attacks the ova.

The two following cases of parasitism among the ophiurans are of interest in

connection with the worm parasites of the crinoids.

Metschnikoff has described a curious worm, Rhopalura, of the family Ortho-

nectidae, the cysts of which sometimes fill the body cavity of Amphiura squamata
Sars and take the place of the ovaries, which disappear.

Ludwig has called attention to an extraordinary polychsete which he called

Ophiuricola cynips and which he found in the body of a specimen of OpTiioglypha

tumulosa Liitken and Mortensen from 2,845 fathoms (5,203 meters).

None of the turbellarians have been found associated with the crinoids, though

Anoplodium occurs within or upon holothurians.

UNDETERMINED WORM.

In some sections of three different specimens of Comanthus parvicitTa which

had been brought back from the Philippine Islands by Professor Semper, which

he prepared while studying at the zoological laboratory of the University of

Wiirzburg, P. H. Carpenter found a peculiar worm.

It was first noticed in the cceliac canal of the arms, which it often almost filled,

so as to suggest the idea that the egg had been introduced into the body cavity and

had developed in that part of it. He subsequently found it in the visceral mass

of two other individuals, occupying some of the meshes in the connective tissue

network which fills up the intervisceral ccelome.

PARASITE OF DOUBTFUL AFFINITIES.

In Notocrinus vinlis Dr. Th. Mortensen found a small elongate body lying

in the cavity of the ovary, which was evidently a parasitic organism. Having
been unable to find another specimen of this parasite he did not venture to state

definitely what it was, but suggested that it might have been a myzostome.

CCELENTERATA.

In 1868 Count Pourtales mentioned that the columns of Bourgueticrinus

hotessieri (Bythocrinus, sp.) which he was recording from 237, 248, and 306

fathoms off the Samboes and off Sand Key, Florida, were covered with a thick

brown deciduous skin. He later discovered that this supposed skin was a parasitic

growth of a hydroid polyp.
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Various hydroids of several different families occur frequently on the stems

and cirri of the pentacrinites (pi. 52, fig. 1342), and on the cirri of the comatulids.

On the pentacrinites they often form tufts of very considerable size.

Most of the species are merely of fortuitous occurrence, but some are commensal
and one or two probably semiparasitic.

There are the following specific records.

Family CAMPANULARIID^.

CALTCELLA SYRIXGA LINNJEU8.

This species was found by Mortensen on the cirri of Hathrometra prolixa, from
northeastern Greenland.

8TEGOPOMA FA8TIGATU3I ALDER.

This form occurs on the cirri of Hathrometra prolixa. It was recorded by
Mortensen from northeastern Greenland.

CUSPIDELLA, SP.

An undetermined species of Cuspidella was found by Mortensen on the cirri

of Hathrometra prolixa, from northeastern Greenland.

Family PERISIPHONIDvE.

LAFOEA FKUTICOSA (SARS).

Lafoea fruticosa was found on the cirri of Hathrometra prolixa from north-

eastern Greenland by Mortensen.

CORALS.

P. H. Carpenter stated that corals may be attached to the columns of the

stalked crinoids. Probably he referred to the white form of Polytrema miniaceum,
which is quite coral-like in appearance.

As would be expected, small colonies of hydrocorallines are sometimes found

on the older portions of the columns and on the accompanying cirri in the penta-

crinites, and, rarely, on the older cirri of the comatulids.

It is rather curious that none of the Actiniaria or sea anemonies have as yet
been found upon the crinoids, as certain genera, such as Stephanactis, Amphianthus,
and Gephyra, occur very commonly on pennatulids and other arborescent marine

organisms.
PORIFERA.

Small sponges of various kinds are often found attached to the older portions
of the stems and to the cirri of the pentacrinites, and sometimes to the older cirri

of the comatulids. There is no evidence that their occurrence is other than

fortuitous.

UNICELLULAR ORGANISMS.

The unicellular organisms known to be commensal with, or parasitic upon or

within, the echinoderms, are fairly numerous, but only two genera have as yet been
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found associated with the crinoids. The most complete account of these organisms
is that published by Cuenot in 1891.

The unicellular organisms associated with the echinoderms are the following:

DINOFLAGELLATA.
Suborder ADINIDA.

Family PROROCENTRIDJE.

PROROCENTRrM MICANS (EHRBNBERG).

Perrier was the first to find a species of the genus Prorocentrum in the intes-

tinal tract of Antedon bifida, the announcement of his discovery having been

made in 1889.

Cuenot states that when an Antedon is cut into serial sections there are found

in some special diverticula of the intestine which never contan food particles a

great quantity of these organisms heaped together and almost completely filling

the cavities of the diverticula. They are truly parasitic, and are always found in

these intestinal diverticula in all specimens examined. They attain a rather con-

siderable size, being up to 80 p. in length, and a large number are always found

in process of division. But their parasitism is only temporary, and little by little

thej^ escape from the body of the host. Some are always to be seen in the intestine

itself among the food particles which have not undergone any alteration.

This species has long been known as a free-living organism.
It is recorded as a parasite from Antedon bifida taken off the Isle of Man, and

at Roscoff, Concarneau, and other places on the French Atlantic coast.

It is not known to occur in the Mediterranean species of Antedon, though
Cuenot looked for it in A . mediterranea.

PROROCENTRUM DENTATUM STEIN.

PROROCENTRUM ROSTRATUM STEIN.

These species were found by Stein in the intestines of salps, ascidians, and

comatulids.

Prorocentrwn, sp. Cuenot. Found in the ambulacral grooves of Echinaster

sepositus (Lamarck) from Roscoff and Banyuls.

CILIATA.

Order TRICHOSTOMATA.

Suborder ASPIROTRICHA.

Family URONEMID^E.

Uronema echini (Maupas). Found in the intestine of Paracentrotus lividus

(Brandt) in the Mediterranean.

Uronema digitiformis (Fabre-Domergue). Found in the mucous on the skin

of M'

arthasterias glacialis (O. F. M tiller).
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Uemispeira asteriasi Fabre-Domergue. Found on the gills of Marthasterias

glacialis (O. F. Miiller).

Suborder SPIROTRICHA.

Section PEB.ITRICHA.

Family LICHNOPHORID^E.

Lichnop fiora aiterbachii (Cohn). Found on Cladonema and on various worms

(Psygnobranchus, Halosydna, Pterosyllis, Pionosyllis, Thysanozoon, etc.), mollusks

(Doris, Eolis, etc.) and other invertebrates, and occurring very frequently on

echinoderms, in which class it has been recorded from the ambulacral grooves of

Astropecten jonstoni (Delle Chiaje), the gills of Asterina gibbosa (Pennant), the

body surface of Ophiothrix fragilis (Diiben and Koren), and the gills of holo-

thurians.

Family URCEOLARIID^.

Trichvdina synapfae Cuenot. Found in the ccelomic fluids of Synapta inhcerens

(O. F. Miiller), at Roscoff.

IIEMISFEIROPRIS ANTEDONIS (CUENOT).

In 1886 Perrier mentioned and figured five specimens of a curious peritrichous

infusorian which he had found on Antedon bifida at Roscoff. This was described

in 1891 by Cuenot under the name of Trichodina antedonis, and again independ-

ently by Konig in 1894 under the name of R'

emispeiropsis comatulce.

These infusorians occur on the lower (dorsal) surface of the hosts, between

the cirri. They crawl over the integument by means of the lower ciliated crown,

and they can also detach themselves entirely, swimming about by means of their

large peristomial cilia.

Hemispeiropsis antedonis occurs on Antedon bifida at Roscoff and at St.

Waast-la-Hougue, and on Antedon mvditerranea in the Mediterranean.

Cyclochccta asterisci (Grube). Found on the gills of Asterina gibbosa (Pen-

nant) at Genoa.

Cyclochceta ophiothricis (Fabre-Domergue). Found on Ophiothrix fragilis

(Diiben and Koren) at Concarneau.

Urceolaria ophiocomte Giard. Found on Amphiura squamata (Delle Chiaje)

at Wimereaux.

Family VORTICELLID^E.

Vorticella amphiurce Cuenot. Found on Amphiura squamata (Delle Chiaje)

at Naples.
Vorticella ophiocomc? Giard. Found on Amphiura squamata (Delle Chiaje) at

Wimereux. Possibly the same as the preceding.

Vorticella, sp. Fabre-Domergue. Found in the stomachic cavity of Ophia-
cantha sph&rulata (Pennant) at Concarneau. Possibly V. amphiurw.
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Rhabdostyla, sp. Cuenot. Found on the skin and paxillse of the aboral surface

of Astropecten aurantiacus (Linnteus) at Cette.

Rhabdostyla arenaria Cuenot. Found on the skin of Synapta inhcerens (O. F.

Miiller).

ffhabdostyla, sp. Hamann. Found on the skin of a young Asterias rubens

(Linnaeus) at Kiel.

Cothurniopsis, sp. Cuenot. Found in the ambulacra! grooves of Astropecten
aurantiacus (Linnaeus) at Banyuls-sur-Mer.

SPOROZOA.

Order GREGARINIDA.

Suborder MONOCYSTIDEA.

Syncystis synaptce (Lankester). Found in the coelome of Synapta inhcerens

at Margate and Eoscoff.

Syncystis mulleri (Giard). Found in the ccelome of Synapta digitata (Mon-

tagu) at Trieste.

Syncystis holothurice (Schneider). Found in the coelome, intestines, and

cavities of the arborescent organs in Holothuria tubulosa Gmelin at Nice and

Naples.

Lithocystis schneideri Giard. Found in the coelomic cavity of Echinocardium

cordatum (Pennant), E. flavescens (O. F. Muller) and Spatangus purpureus O. F.

Miiller from Wimereux, Dunkirk, Concarneau, le Poulignon, and Marseilles.

FORAMINIFERA.

Such of the foraminifera as normally attach themselves to foreign objects

are occasionally to be found on the columns, and especially on the cirri, of the

pentacrinites, and upon the cirri of the comatulids.

Most of these are of purely fortuitous occurrence and do not merit special

mention, but two genera, both belonging to the same family, though widely different

in appearance, are very commonly associated with the crinoids.

Family ROTALIID^E.

TRUNCATULINA LOBATULA WALKER AND JACOB.

P. H. Carpenter states that this species was abundant on the cirri of the

comatulids which were obtained by the Dutch Arctic expedition in the Barents

and Kara Seas, and Mortensen records it from the cirri of Hathrometra prolixa
from northeastern Greenland.

Allied species are very often seen upon the cirri and stems of the penta-

crinites and upon the cirri of the comatulids from all parts of the world.

142140 21 Bull. 82 45
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POLYTREMA MINIACEUM (LINNAEUS).

P. H. Carpenter has recorded this species as common on the stems and cirri

of the pentacrinites dredged by the Challenger near the Kei Islands in 140 fathoms

and off the Meangis Islands in 500 fathoms.

It was similarly abundant on the pentacrinites dredged by the Albatross

in the Philippines, usually in the variety alba Carter, and is also found on the

pentacrinites in the Caribbean Sea.

It is unusual to find this form on the cirri of the, comatulids, though it occurs

sporadically (pi. 53, fig. 1346).

The crinoids in association with which parasitic or commensal organisms have

been recorded are the following :

COMATELLA NIGRA.

Myzostomum brachiatum,.

COMATELLA STELIJGERA.

fMyzostomum echinus. Myzostomum plicatum.

NEOCOMATELLA PULCHELLA.

Myzostomum abundans. Myzostomum, cannatum.

Myzostomum inflator.

CAPILLASTER SENTOSA.

Ophiomaza cacaotica. Ophiomaza obscura.

CAPILLASTKR MULTIRADIATA.

Sabinella capillastericola. Myzostomum lobatum.

NEMA9TER IOWEN8I8.

Myzostomum margindtum. .

NEMASTER RUHIGINOSA.

Myzostomum testudo.

NEMASTER DTSCOIDEA.

Myzostomum marginatum.

COMATULA ROTALARIA.

Anilowa, sp. ^Myzostomum horologium.

COMATULA SOLARIS.

Anilocra, sp. Myzostomum pallidum.

Ophiophthiriux actinometrce. fMysostomum dentatvm.

fMyzostomum holorogium. fMyzostomum a-nthiguuum.

Myzostomum costatum. Myzostomum carinatum.

COMATULA PURPUREA.

Synalpheus brucei. Ophiomaza cacaotica.
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COMACTINIA ECHINOPTERA.

Myzostomum areolatum. Mysostomum rotundum.

Myzostomum vastum. fMyzostomum oblongum.

Myzostomum irregulare. Myzostomum evennanni.

Myzostomum cysticolum,.

COMACTINIA MERIDIONALS.

Myzostomum areolatum. Myzostom/urn elegans.

Myzostomum radiatum. Myzostomum bicaudatum.

fMyzostomum crenatum. Myzostomum, cysticolum.

Myzostomum irregulare.

ANNAMETRA OCCIDENTALI8.

Melanella capensis.

COMASTER NOV.EGUINEJE.

fMyzostomum echinus.

COMANTHINA SCHLEGELII.

Myzostomum platypus.

COMANTHTJ8 BENNETTI.

fMyzostomum dentatum. fMyzostomum ambiguum.

fMyzostomum carinatum.

COMANTHU8 PINGUI8.

Myzostomum antennatum.

COMANTHUS JAPONICA.

Myzostomum vastum.

COMANTHF8 ANNTTIWTA.

Synalpheus comatularum.. Ophiocoma,sp. (young).

Synalpheus brucei. OpKiactis delicata.

Periclimenes commensalls. OpMomaza cacaotica.

Pontoniopsis comantki. Ophiomaza picta.

Cirolana lineata. Ophiomaza obscura.

Cyclatelson purpureum. Polynoe minuta oculata.

COMANTHUS, SP. (PROBABLY C. ANNTTLATA).

Periclimenes pottsi. Galathca inftata.

Galatkea elegans. Galathea minuta.

COMANTHUS PARA1CIRRA.

Syrwlpeus, sp. Myzostomum, triste.

Internal worm. Myzostomum brevicirrum.

Mysostomum echinus. Mysostomum nigrescens.

Myzostomum costafum- Myzostomum, longicimim.

Myzostomum liitkeni. Myzostomum elegans.

Myzostomum pnJlidum.
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ZTGOMETRA MICRODISCUS.

Anilocra, sp. FMyzostomum horologium.

fLaphystiopsis, sp. Myzostomum intermedium,.

fOphiomaza cacaotica. Myzostomum quadrifilum.

?Polynoid worm.

ZYGOMETRA ELEGANS.

Myzostomum quadricaudatum.

ZTGOMETRA COMATA.

Myzostomum, sp.

HKTEROMETRA CRENULATA.

Myzostomum dubium. Myzostomum filiferum.

Myzostomum dentatum. Myzostomum quadrifilum.

HETEROMETRA SAVIGNII.

fOphiactis, sp. Myzostomum costatum. Myzostomum crosslandi.

irETEROMETRA RETNAUDII.

Ophiomaza cacaotica. Sabinella, sp.

AMPHIMETRA MOL1JERI.

Myzostomum, sp. Myzostomum, sp.

STEPHANOMETRA 8PICATA.

fMysostomum echinus. fMyzostomum fissum.

fMyzostomum elongatum. Myzostomum membranaceum.

LAMPROMETRA PROTECTUS.

fMyzostomum echinus. fMyzostomum elongatum. fMyzostomum, fissum.

LAMPROMETRA PALMATA.

Polynoid worm. Myzostomum costatum.

CTLLOMETRA MANCA.

Myzostomum folium.
COLOBOMETRA PERSPINOSA.

Myzostomum coriaceum.

PROMETRA CHAD^VICKI.

Myzostomum costatum. Myzostomum crosslandi.

ANALCIDOMETRA ARMATA.

Myzostomum cerriferoidum.
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OLIGOMETRA OCOIDENTALI8.

fMyzostomum mcebianum.

TROPIOMETRA CARINATA.

fMyzostomum mcebianum.

TROPIOMETRA PICTA.

Myzostomum gigas.

SOUTHERN JAPANESE SPECIES OF CALOMETRID^.

Myzostomum, chelonium. Myzostomum cysticolum orientate.

Myzostomum chelonoidium. Myzostomum smithi.

HOR2EOMETRA DUPLEX.

Myzostomum murrayi.

STYLOMETRA 8PINIFERA.

Scalpellum, sp. Myzostomum pictum. Myzostomum agassizii.

STENOMETRA DIADEMA.

Melanetta, sp.

STIREMETRA BREVIRADIA.

Myzostomum murrayi.

PACHYLOMETRA INJ5QUALIS.

fMyzostomum lahiatum. fMyzostomum fissum.

fMyzostomum echinus. Myzostomum tenuispinum.

Myzostomum willemoesii.

PERISSOMETRA AUGUSTICALYX.

Myzostomum tenuispinum.

PERISSOJ1ETRA FLEXILIS.

OpMornusium, sp. Myzostomum beardi. Myzostomum wUlemoesii.

GLYPTOMETRA TUBEROSA.

Myzostomum, sp.

CRINOMETRA INSCUI.PTA.

Myzostomum cerriferoidum.

CRINOMETRA, SP.

Melanella, sp. Myzostomum brevipes.

CIIARITOMETRA BASICURVA.

Myzostomum tenuispinum. Myzostomum willemoesii.
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CHAKITOMETEA INCI8A.

fMyzostomum echinus. Myzostomum tenuispinum.

Myzostomum, sp.

ANTEDON PETA8U8.

Myzostomum parasiticum. Myzostomum cirriferum.

ANTEDON BIFIDA.

Internal suctorial crustacean. Myzostomum parasiticum.

Myzostomum cirrifei"um. Prorocentrum micans.

Hemispeiropsis antedonis.

ANTF.DON MEDITEKRAXEA.

Enterognathus comatuhe. Myzostomum- para^iticum.

Stylina coma-tulicola. Myzostomum cirriferum,.

Hemispeiropsis antedonis.

AXTEDON ADUIATICA.

Collocheres gracilicauda. Myzostomum cirriferum.

Myzostomum parasiticum. Myzostomum bucckichii.

DOEOMETKA MAUKITIANA.

fMyzostomum nioeb'ianum.

IRIDOMETKA MELPOMENE.

Laphystiops-is iridometra:.

COCCOMETRA HAOENII.

Myzostomum agassizii. Myzostomum excisum.

Myzostomum filicauda.

NOTOCK1NU8 VIK1LLIS.

Ovarian worm (?myzostome).

LEPTOMETKA CELTICA.

Myzostomum alaium. Myzostomum pulvinar.

LEPTOMETRA PHALANQIUM.

Myzostomum, (datum. Myzostomum pulvinar.

ADELOMKTRA ANOUSTIKADIA.

Myzostomum inflator. Myzostomum murrayi.

El'MORPHOMETIlA HIR8UTA.

OphioUbes scorteus.
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HELIOMETRA GLACIALJ8.

Encysted crustaceans in disk. dujzostoinum gigas.

Myzostomum fimbriatum. Truncatulina lobatula.

Loxosomella antedonis.

ANTHOMETRA ADRIANI.

Myzostomum antarcticum. Myzostomum cyxticolum.

FLOROMETRA SERRATISSIMA.

Myzostomum deani.

FLOROMETRA PERPLEXA.

Myzostomum deani. Myzostomum cysticolum cystihymenodes.

HATHROMETRA PROLIXA.

Egg capsules of gasteropod. Mysostomum carpenteri.

Gemellaria loricata. Myzostomum cirrifenvm.

Loxosomella antedonis. Calycella syringa.

Myzostomum giganteum- Stegopoma fastigatum.

Myzostomum graffi. Cuspidella, sp.

Lafoea fruticosa. Trwncatulina lobatula.

THAUMATOJIETRA TENUIS.

fftfysoatomum, sp.

THAUMATOMETRA CYPRIS.

Myzostomum cornutum.

BATHTMETRA, SP.

Stilifer (Mucronalia) bathymetra
1
.

" ANTEHON

Afyzoetomum excimm. Myzostomum carinatum.

METACRINUS.

Scalpellum weUnenanum. Scalpellum album.

Scalpellum batenoides. Verruca nitida.

Scalpellum gonionotum. PacJiylasma crinoidopkilum.

Ophiacantha, various species.

METACRINUS ACUTUS.

Ophiopholis mirabilis.

METACRINUS ANOULATUS.

Myzostomum wyvttlethomsoni.

METACRINCS CINGULATUS.

Verruca, sp.
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METACRINU8 COSTATUS.

Myzostomum wyvillethomsoni.

METACEINUS INTERRUPTU8.

Scalpellum, sp. Avicula, ep.

Verntca, sp. Myzostomum cryptopodium.

METACRINUS MOSELETI.

Myzostomum eremita.

METACRINUS MURRAYI.

Scalpettwm album. Scalpellum balanoides.

METACRINUS NOBILIS.

Verruca, sp.

METACRINUS UOTUNDU8.

Myzostomum antennatum. Myzostomum metacrini.

Myzostomum cirripedium. Myzostomum wheeleri.

Myzostomum clarki.

METACRINUS TUKEROSU8.

Ophiuran pluteus.

METACRINUS VARIANS.

Larval cirripede.

METACRINUS ZONATUS.
Parasitic ostracod.

ENDOXOCRINUS ALTERNICIRRUS.

Myzostomum calycotyle. Myzostomum pentacrini.

Myzostomum circinatum. Myzostomum belli.

Myzostomum asymmetricum. Myzostomum deformator.

HYPALOCRINUS NARESIANU8.

Myzostomum circinatum.

ISOCRINUS ASTERIA.

Asteroporpa annulata.

ISOCRINUS DECORU8.

Scalpellum diceratum. Astrogomphus vallatus.

Scalpellum pentacrinarum. Sigsbeia murrhina.

Myzostomum vincentmum.

H-TCRINUS AUSTRALIS.

Myzostomum compressum. M i/zostomum coronatum.
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BYTHOCRINUS. SP.

Stilifer, sp.
Parasitic hydroid.

RHIZOCRINTJS LOFOTENSIS.

fStilifer, sp. Rhabdopleura mirabilis.

RHIZOCRINUS VERRILLI.

Melanetta., sp.

PTILOCRINUS PINNATU8.

Sdbinella ptilocrinicola.

HYOCKINUS BETIIELLIANUS.

Stelechopus hyocrlni.

COMMENSALISM OF THE CRINOIDS.

A number of small comatulids and the young of certain others may be con-

sidered as truly commensal, living as they do in the cavities of large sponges and

gathering the minute organisms brought to them by the currents flowing into the

afferent openings of the host.

Many others habitually cling to gorgonians or withdraw into crevices in corals,

where they live symbiotically, but quite independently of the supporting organism.

AVOIDANCE OF CRINOIDS BY FISHES.

Dr. H. L. Clark states that at Maer Island, Torres Strait, fishes of many species

were abundant in the water just outside the reef, and their movements were easily

noted. Any object dropped in the water at once attracted their attention and
if edible was nibbled at or seized outright.

Comatulids were always noticed, but were never touched either in the water

or at the bottom. Fishes, often of large size, always swam toward them, but when
within a few inches turned and swam away.

Doctor Clark says that either by sight or some other sense, perhaps stimulated

by some exhalation from the comatulids, these animals were recognized as inedible.

Judging from the statements of Reichensperger the crinoids are probably

protected by the secretion from the glands at the base of the tentacles.

DEPENDENCE OF COMATULIDS UPON PURE, WELL-AERATED WATER.

Dr. W. B. Carpenter says that there is one point in the habits of Antedon

bifida which must be regarded as of considerable importance in the determination

of the office of that vast aggregate of tubular tentacula which is borne by the pin-
nulated arms, namely its close dependence for the maintenance of its life upon
pure, well-aerated water.
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When kept with other animals in an aquarium Antedons are among the

first to die, and although Carpenter was at first inclined to attribute this to the

circumstance of their habitually living under a much greater pressure of water

than the littoral animals with which they are associated in such artificial collec-

tions, yet he soon came to be satisfied that the real explanation was to be found

in their inability to sustain any deficiency in the purity of the medium they
inhabit. For by placing them by themselves in small numbers in an adequate

supply of water, and by frequently renewing this, he succeeded in keeping the

same specimens for several weeks together, and the deficiency in vigor which

they showed at the end of that time, manifested in a general flaccidity of the

arms and in a disposition to cast off portions of them, appeared quite explicable

by the insufficiency of their food supply, made evident by the progressive shrinking
of the visceral mass, the ventral surface of which came at last to be concave

instead of protuberant.

Moreover, it happened on several occasions that if a dozen specimens of

Antedon were thrown at night into a large basin of water and were left without

any means of attachment they were all found dead in the morning, conglomerated
at the bottom of the basin, clinging to each other with their dorsal cirri and having
their arms intertwined in such a manner as to suggest the idea that they had died

of the asphyxia produced by overcrowding after exhausting themselves in efforts

to find a suitable attachment; while if, in a basin of the same size and containing
the same quantity of water, there were placed with a like assemblage of specimens
a sufficient number of rough stones to afford them all a basis of attachment, they
would be all found in the morning in a state of full expansion, with every appear-
ance of health and vigor.

Regarding the comatulids at Mae'r Island, Torres Strait, Dr. H. L. Clark savs

that if a number of specimens were left in a basin, even with a relatively large
amount of sea water, they gradually became inactive and after a time perfectly

still, and made no response to mechanical stimuli. That they were not dead was
indicated by response to chemical stimuli (alcohol and formalin). But if left

undisturbed the arms began to break to pieces distally, the process continuing

centripetally until only the basal parts of the arms were left attached to the disk.

Even then response to stimuli could be induced if the specimens were placed in

perfectly fresh sea water. If, however, they were left undisturbed, fragmentation
continued until even the basal parts of the arms were completely disintegrated.

There is great individual difference as to the time when amputation of the

disk from the calyx takes place. It was very common to have this happen as the

first step in disintegration, but in some individuals it was one of the last. Not

rarely comatulids shed their disk when first taken from the sea and placed in the

pail, but such specimens lived in the live car as well, apparently, as those in which
the disk and digestive system were intact.

Doctor Carpenter remarked that the intermixture of a small proportion either

of fresh water or of glycerine with the sea water in which Antedon Mfida is living
is very speedily fatal.
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RESPONSES TO CHANGES IN SALINITY.

Experimenting with the common comatulids at Maer Island, Torres Strait,

Dr. H. L. Clark was unable to obtain any response to the addition of rain water

to the sea water in the aquaria, even when the rain water was poured directly upon
the disk of the crinoid.

The transfer of a comatulid from sea water directly to rain water met with

marked response and violent movements, but as long as the water in the tank was

predominantly salt there was no visible response to the addition of rain water.

Increase in the amount of the salt content seemed to be a matter of equal

indifference.

Regarding Tropiometra picta at Buccoo Bay, Tobago, Doctor Clark says that

experiments to determine whether Tropiometra is sensitive to changes in the salinity

of the water in which it lives gave very interesting results.

Two individuals were placed in an aquarium containing 5 liters of ordinary
sea water, and two specimens of similar size and appearance were placed in another

aquarium containing 5 liters of 90 per cent sea water (that is, 4.5 liters of sea

water with 500 cc. of rain water added).
After 12 hours all were normal, and one could not tell from the responses to

mechanical stimuli which were in the diluted sea water.

Similar experiments were tried with water only 80 per cent and 75 per cent

sea water.

Such water extracted color from the comatulids and after 12 hours was dis-

tinctly yellow, yet the animals survived and responded to the transfer to normal

sea water by distinct arm movements.

Experiments were then made to see how concentrated a sea water could be

survived.

Two specimens, one dark colored and one yellow and purple, survived, with no

apparent injury, 12 hours in only 2 liters of water 10 per cent more saline than nor-

mal. The brightly colored one was more active after the experiment than the other,

which was not what he had expected in view of the greater evaporation in the

natural habitat of the dark individual.

A similar experiment with water 20 per cent more saline than normal was tried.

A brightly colored individual was still alive after three hours; it was then

transferred to normal sea water and lived overnight.
A dark-colored specimen was still alive after four and a half hours, but

although it was then transferred to normal sea water, it failed to revive.

RESPONSE TO LIGHT.

Perrier, speaking of Antedon Mftda at Roscoff, noted that the animals, while

accommodating themselves perfectly to daylight, do not like the direct rays of the

sun. When these become strong they roll up their arms, and if the exposure is

too prolonged, or if it is repeated too often, the arms are detached one by one and

fall to the bottom of the basin, and the animal soon dies.
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At Banyuls-sur-Mer Bohn found that the examples of Antedon mediterranea

in the tanks of the aquarium were only very slightly sensitive to light, in this

respect acting much like the ophiurans which inhabit sandy bottoms.

Dr. H. L. Clark says that almost the first fact noted with reference to the

habits of the comatulids at Macr was that they showed an evident tendency to

withdraw from brightly illuminated areas. On overturning a rock fragment on

the lower surface of which crinoids were living they at once began to move. Some-

times they withdrew into dark holes or crannies in the rock, but generally the

movement was over the surface of the rock to its margin and thence down into the

shade of its now lower side. The movement was never spasmodic or hurried, but

unless interfered with was very steady and soon accomplished its purpose.
He remarks that it is difficult to see how this invariable habit can be interpreted

as anything else than a response to light as a stimulus. Since the rock might be

3 feet under water, no change of temperature could possibly have caused the move-

ment. It is conceivable, however, that the change of position due to the overturning
of the rock was the effective stimulus. But the theory that change of position is

the determining factor seems to be eliminated by the facts that among the living
corals comatulids occur with the oral surface either up, down, or lateral, and that

when the coral around them is broken away with a hammer, exposing them to strong

light but not disturbing their position, their movements are also away from the

lighted area into the shadow.

Experiments in the laboratory were not altogether satisfactory, so much indi-

vidual difference was shown. As a rule, if a comatulid was placed in the middle

of the tank, one end of which was covered over while the other end was in sunlight,
movement to the shaded end almost always was the first result. Often, however,
the animal did not remain there, but moved about restlessly, even to the brightly
illuminated end. In such cases it is a fair inference that the absence of suitable

surface for attachment was the cause of the restlessness.

More consistent results followed when direct sunlight was allowed to fall on

comatulids which had been in the shade. With scarcely an exception they moved
out of the brightly lighted area. Experiments with artificial light were entirely

negative, presumably because of the weakness of the stimulus, nothing better than

an ordinary kerosene lamp being available.

No specific differences were noted with reference to light reactions, all the

species watched giving the same results.

Bright sunlight thrown abruptly on a comatulid lying in shadow often pro-
duced immediate and sometimes more or less spasmodic closing of the arms over

the oral surface of the disk, as though that part of the animal were most sensitive

to the stimulus. In confirmation of the view that the disk is more sensitive to

light than the arms is the fact that in their natural habitat the crinoids often

extended their arms out into the light while the body itself was in heavy shadow.

Indeed, all along the southwestern reef, on the brightest days, they were to be seen

in such a position.
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Regarding Tropiometra picta as he found it at Buccoo Bay, Tobago, Dr. H. L.

Clark says that its remarkable habitat naturally suggested that in its reactions to

light it would be positively phototactic.
A tank 6 feet long, a foot wide, and 8 inches deep, having the bottom covered

with broken coral and stones, was used for the experiments. It was placed near

high-water mark on the beach, in the sun, and two boards, 5 or 6 inches wide, were

laid across it, giving shaded areas. One end was made quite dark by covering with

a broad piece of board and burying it in the sand.

Numerous individuals of Tropiometra picta were tested in this tank on many
different occasions and under diverse conditions of temperature. The results were

surprisingly unsatisfactory. No individual showed any decided reaction to light,

and none sought the darkness. In most cases, when the specimen was fresh from
Buccoo Bay, if placed in a shaded area it remained there; if placed in the sun

close to a shaded area it moved into the shade, but if the board were then removed
it made no effort to move out of the sun : if placed in the sun some, inches from
the shade it remained quietly in the light.

Generally the individuals were placed upside down in the tank, so that the

process of righting might serve to initiate movement. But, although they righted
themselves promptly, they rarely wandered more than a few inches thereafter.

If placed in the tank right side up they were usually content to remain where put,

regardless of whether it was in sun or shade.

Experiments were made particularly to see whether the brightly colored speci-

mens from under rocks reacted differently from the dark individuals from Buccoo

Bay, but no constant differences could be detected. Brightly colored examples
seemed to be a little less hardy and became sluggish and inert in the tank more

quickly than the dark ones, but the difference was not striking.

The final conclusion reached, as a result of all the experiments and obser-

vations, was that Tropiometra picta at Tobago is slightly negatively phototactic
but that other factors in the environment at Buccoo Bay neutralize this tendency
almost or quite completely, while on Buccoo Reef it is for some reason strengthened.

While the Albatross was anchored off Sulu a small specimen of Dorometra

nana, about half the adult size, was captured which had been attracted to and was

swimming about a submerged electric light.

RESPONSE TO HEAT.

All of the information on this subject we owe to Dr. H. L. Clark, from whose
accounts the following is taken :

Observations at Maer Island, Torres Strait. As ice was not obtainable at

Maer, and it was difficult to lower the temperature to any considerable degree, his

only experiments with regard to the response of comatulids to temperature changes
dealt with the effect of raised temperatures.

An alcohol stove placed under one end of the tank made it possible to raise

the water just over the flame several degrees without appreciably affecting the

temperature of the other end for nearly an hour.
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The sea water brought from the reef and with which the experiments began
had a temperature of 26.6 C. The area directly over the stove soon became about

a degree warmer than this, while immediately above the flame it rose to 31.7 C.

Comatulids placed in the tank at the unheated end began at once to move
toward the other end, the whole tank being uniformly illuminated. The passage
into the slightly warmer water was not indicated in any way, but whenever the

arms extended into the area above 30 a more or less prompt response and with-

drawal followed.

This was shown by all the species tested, but was most noticeable in adult

Comatula purpurea, and consequently that species was chiefly used. If an indi-

vidual were placed in the hot area it immediately moved out, but it did not seek

the coolest part of the tank.

At the end of an hour and a half the water in the tank was raised to a

minimum of about 29, and the comatulids were all at rest or moving very lan-

guidly. It was interesting to note, however, that transfer from this warm water

to the sea water at ordinary temperature (26.6 C.) acted as an immediate stimulus,

and locomotion was at once renewed. The reverse was also true, comatulids from

the normal sea water responding at once with active movements when dropped
into the warm water. In the latter case, however, the movements very quickly
ceased.

Doctor Clark concludes from these observations that it is evident comatulids

are sensitive to comparatively slight changes of temperature, and that for those

living at Maer 26 to 27 C. is about the optimum. It is not probable that the

sea water on the reefs at the Murray Islands ever gets far below that temperature,
but it is often much higher, at least on the reef flat itself. It is therefore of great
interest to find that at 29 these comatulids become inactive, and that they with-

draw at once, if possible, from 31.

Evidently, then, a fairly uniform temperature is an essential factor in deter-

mining their distribution, and this accounts for their absence from the greater

part of the reef flat at Maer, for the water on some parts of this flat, if low tide

is near midday, rises far above 31. It seems probable, too, that the more uniform

temperature and the absence at all times of high temperatures in the channel

between Maer and Dauer are added reasons why the southwestern reef of Maer
has such an abundant comatulid population.

Observations at Tobago. While it was not feasible to produce really low

temperatures, water in the tank fell to 22 C. during the night. At this temper-
ature Tropiometra picta showed no signs of discomfort or stimulation. When the

water was gradually raised to 33 or 34 responses to mechanical stimuli were

normal. At 35.5 two of the four specimens tested were quite unresponsive, but

the other two gave normal responses by arm movements. One continued to respond
at 36.5 but at 37.5 was inert. After a few moments at that temperature the

four specimens were placed in normal sea water at 28, but none recovered.

Individuals taken from water at 28 and placed in that at 33 continued to give

responses with the arms. At 34. however, the arms were quiescent, but the pin-
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nules responded. Complete recovery of these specimens resulted when, after a

few moments, they were again placed in water at 28.
Individuals placed in water at 36 gave no responses and failed to recover; they

became quite rigid.

Doctor Clark remarks that these experiments show that, as compared with the

comatulids of Maer Island, Tropiometra picta has a susprisingly large temperature

range. This is quite in keeping with their habitat in Buccoo Bay, for while the

water there probably never falls below 22 C., there is no doubt that at the lowest

tides it rises in the shallows to 32, and possibly to 34. Even should it on rare

occasions exceed this figure for a short time the animals would easily survive.

Owing to the comatulids' inertness it was impossible to determine the optimum

temperature.
In water of 33 reactions were not consistently different from what they were

at 25. Nevertheless, individuals in water at 33 assumed a somewhat wilted

appearance after a time, which was not the case in water at 28 and lower.

Healthy individuals gave no response to a sudden change of 2, but there was

generally an evident reaction to an abrupt change of 5.

RESPONSE TO CHEMICAL, STIMULI.

Dr. H. L. Clark found that the response of the comatulids he studied at Maer

Island, Torres Strait, to a strong solution of magnesium sulphate was prompt
and violent, so violent as to -break off some or all of the arms, and no evidence of

Mibsequent relaxation was found.

Alcohol poured onto the disk of a crinoid in the tank brought about a very
marked response, but the latent period was surprisingly long and the effect of the

stimulus soon wore off.

If comatulids were taken from sea water and dropped into alcohol or formalin

the response was immediate, and consisted in the extreme flexion of the arms

dorsally. Often this would be followed by strong oral or ventral flexion, bringing
the arms up vertically over the mouth. This again would be followed by a general

relaxation, and later by death and a hardening of the tissues.

Specimens simply thrown into alcohol or formalin or placed in the fluid mouth
down never died in a natural position, the arms being strongly contracted, usually

entangled with each other and with the cirri dorsally, but sometimes closed together
over the mouth.

Doctor Clark says that owing to the fact that almost without exception the first

response is flexion dorsally it is very easy to prepare perfectly expanded specimens.
The animals are lifted from the sea water with the cirri down and plunged

abruptly into strong alcohol in a shallow flat dish, care being taken to press the

animal down at once to the bottom of the dish. The dorsal flexion causes the arms
to lie out flat against the bottom of the dish. The following contraction of the

ventral muscles is occasionally strong enough to bring the arms up over the disk

and to get them badly entangled, but in the very great majority of cases it is so

feeble and so quickly followed by relaxation that a little manipulation of the arms.
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smoothing them down with the fingers and pressing out the curves, results in per-

fectly expanded specimens.

Only in relatively few cases, and these were individuals which had been in the

laboratory for some hours, was the muscular contraction great enough to break

off the arm or even cause loss of cirri. These cases are probably to be explained

by the susceptibility of these animals to nonaerated sea water that is, presumably,
to carbon dioxide (CO 2 ). It was not possible to determine positively whether
carbon dioxide was the deleterious substance or not, but there is good
reason for that belief, because the comatulids were found only on those parts of the

reef where the aeration of the sea water was very well provided for by the surf.

Whether carbon dioxide was the factor directly responsible or not, it is

beyond question that the comatulids brought to the laboratory were very susceptible
to the impurity of the sea water after a few hours in the aquaria.

Speaking of Tropiometra picta as he found it at Buccoo Bay, Tobago, Doctor

Clark says that indifference to the amount of carbon dioxide in the water

was noticeable, particularly in view of the sensitiveness of the Torres Strait coma-

tulids to that substance.

Two specimens lived over night in only 2 liters of sea water apparently without

discomfort, and four or five specimens were often kept over night in aquaria with

not more than 6 or 7 liters.

This species responded to a saturated solution of magnesium sulphate in sea

water by a complete relaxation of the muscular system. The response was much
less complete if the individual had been for some time in a limited amount of sea

water
; probably the presence of carbon dioxide made the difference.

Response to alcohol and formalin was, as in the case of the Torres Straits

comatulids, by flexion of the arms first dorsally and then ventrally. Only excep-

tionally, and then by individuals which had been long in tank or aquaria, were

the arms cast off.

RESPONSE TO MECHANICAL STIMULI.

Dr. W. B. Carpenter noted that in Antedon bifida if the pinnules other than

the oral pinnules of any arm be irritated by the contact of a rod such irritation

merely produces a languid wavy motion of the arm thus acted on, which may
extend itself to others if the irritation be repeated or prolonged. But if the rod

be made to irritate the long proximal pinnules all the arms, if the animal be in

full vigor, immediately close together with an energy and consentaneousness that

are seen in no other movement.

Bohn, experimenting with Antedon mediterranea at Banyuls-sur-Mer, found

that when either the disk or the cirri are touched, simultaneous movement of the

five arms and their branches occurs.

On every stimulation of the disk the arms are raised, forming a sort of dome
above it.

On every stimulation of the cirri the arms are lowered.

Thus, as a general rule, there occurs flexion toward the pole touched. The

intensity of the reaction is variable. The firmer the attachment of the animal the
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stronger is the reaction. When the animal is not fixed, or when the attachment

is precarious, the reaction is always feeble, and slow. Bohn believes that this has

to do with variations of sensibility. The tactile sensations of the disk may be

inhibited more or less by certain sensations of the cirri.

It may happen that, the comatulid being attached by its cirri, certain arms

rest upon a solid surface, while the others float freely in the water. In this case the

latter react much more strongly when the disk is stimulated.

Bohn often observed that a series of stimulations at short intervals on the

same spot end by having quite a different effect than one or two stimulations on the

same place.

Repeated stimulation on the body or on the arms of a comatulid results in

undulatory movements of all the arms, not synchronous, until finally the animal

swims away.
If a comatulid from which the two arms of the same ray, or two adjacent

arms on neighboring rays, have been removed lies upon a smooth bottom, pro-

gression usually takes place in the direction indicated by the missing arms.

If the arms be numbered 1 and 1', 2 and 2', 3 and 3', 4 and 4', and 5 and 5',

according to the movement of the hands of the clock, and arm 1 be stimulated,

the animal generally tends to move in the direction 3'
;
but if arms 4 and 4' rest

on a rough surface progression may be in the direction 4-4'
;
if 4' and 5 rest on a

rough surface progression may be in the direction 4'-5, or at least in a direction

between 3' and 5. The importance the condition of the surface has in determining
the direction of progress is evident.

Speaking of the comatulids which he found at Maer Island, Torres Strait,

Dr. H. L. Clark says that mechanical stimuli met with ordinary response under

normal conditions. The disk and the pinnules at the bases of the arms seem to be

more sensitive to touch than either the middle or terminal part of the arms. The

cirri and the whole aboral surface are slow to respond to mechanical stimulation.

The response to touching the disk is a closing of the arms over it, and the response

to touching the oral surface of an arm is the gradual infolding of that arm.

Mechanical stimulation alone, even a severe pinch of an anterior arm with

forceps, seldom caused any change in the direction of locomotion.

The net result of all Doctor Clark's observations was the impression that

comatulids are surprisingly callous to mechanical stimuli, and the response is never

sudden or hurried.

GEOTROPISM.

Bohn has found that on an inclined bottom Antedon mediterranea when
stimulated tends to move along the line of greatest declivity in the direction

opposite to that of the pull of gravity.

EFFECT OF THE RAIN OF CINDERS IN THE BAY OF NAPLES IN APRIL, 1906.

Antedon mediterranea, which in the Bay of Naples is abundant on the bottoms
of detritus and in the patches of Posidonia so abundant, indeed, that thousands

ordinarily could be captured with the dredge almost completely disappeared
as a result of the eruption of Vesuvius in April, 1906.

142140 21 Bull. 82 46
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On the 2Uth of that month Lo Bianco, dredging off Posilipo at a depth of

about 30 meters, took only three specimens, all severely mutilated and dying with

the arms almost devoid of pinnules. On the reef at Gajola also Lo Bianco was

only able to find a very few specimens.
Lo Bianco states that he can not explain satisfactorily the manner in which

the cinders caused the death of these crinoids. He suggests that the animals,

gradually becoming covered by the falling cinders, at last found themselves in

an unfavorable environment, and that weakness caused by hunger, combined with

the general disturbance caused by the stratum of cinders, induced autotomy, which,

becoming more and more extensive, resulted finally in death.

He was led to this conclusion from having observed that this species, which

lives very well in the tanks of the aquarium during the cold season, perishes

through gradual progressive fragmentation when the temperature of the water

becomes lower or higher than normal.

Antedon mediterranea showed the effect of the rain of cinders at least a week

later than the echinoids.

Specimens of Leptometra phalangium dredged on the 7th of May at a depth
of about 400 meters, between Capri and Ischia, were in the very best condition;

but the cinders which fell here were very few.

EXPERIMENTAL INVESTIGATION OF THE DORSAL NERVOUS SYSTEM.

In order to convince himself of the nervous nature of the axial cords of the

arms and to ascertain the intercorrelation between the nerves of the different arms

Dr. W. B. Carpenter carried out a number of experiments, using as his subject

Antedon bifida.

Experiment 1. -Taking a large and vigorous specimen he turned the entire

visceral mass out of the calyx.

On being replaced in water it executed the usual swimming movements as

perfectly as the entire animal would have previously done.

Experiment 2. From a second specimen, which he took out of the water in

the act of swimming, he removed the entire centrodorsal with its contents and

appendages, leaving every other part as it was.

On replacing the animal in water all the arms were rigidly straightened

out, apparently by the action of the dorsal elastic ligaments which the muscles

were now powerless to antagonize.

Experiment 3. In another lively specimen he divided the soft parts of one

of the arms down to the calcareous segment-
On replacing the animal in water all the arms worked as usual, without the

slightest disturbance of regularity.

Experiment 4- He severed the dorsal nerve cord in one arm by the use of

nitric acid.

On reDlacing the animal in water that arm remained risridlv straightened out,

while all the other arms worked as usual.

Experiment 5. The entire visceral mass was removed from a specimen in

such a way as to leave nothing but the calyx with the central capsule and its
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prolongations, and the arms. A needle was then passed down the canal included

in the radials so as to irritate the chambered organ.
All the 10 arms then suddenly and consentaneously closed up. On the with-

drawal of the needle the arms gradually straightened themselves again, and again

coiled up as before when the irritation of the central organ was renewed.

Dr. Carl F. Jickeli, working with Antedon adriatica at Trieste, performed
some experiments along the same lines as those of Doctor Carpenter. These were

as follows :

Experiment 1. If a freshly amputated arm, or an amputated arm even which

has lain a few days in sea water, be scratched with a needle on the ambulacral

groove, or its ambulacral groove be subjected to electrical stimulation, no raising

of the pinnules can be detected. But as soon as the cavity in the brachial contain-

ing the dorsal cord is touched the arm coils up convulsively and the pinnules are

set in active motion, even when previously no signs of life could be detected

in the arm.

Experiment 2. If the ambulacral groove be scraped away, or burned away
with caustic, reaction can always be obtained to the touch of a needle in the

central canal. But if the central canal be burned out with caustic the arm is

stretched out stiffly and all further stimulus is in vain.

Experiment 3. If a detached cirrus be pricked in the central canal, or if the

Central canal be stimulated with an electric current, the cirrus is violently bent and

a state of tetanus sets in.

Experiment 4- If an animal be deprived of the visceral mass and put back

into the water, ventral side up, all the arms are rigidly stretched out. If, now, a

needle is thrust into the centrodorsal from the ventral side all the arms bend

together synchronously, and again sink back into their original position. If a few

drops of acid are added to the water the animal immediately begins to swim about

with great activity, the movements agreeing entirely with those of uninjured
animals.

Prof. A. Milnes Marshall, in confirmation and amplification of Carpenter's

results, performed a number of experiments, his subject being Antedon mediter-

ranea, which he studied at Naples.

Experiment 1. A large and vigorous specimen was eviscerated without re-

moval from the water. On being released it remained quiescent for about a minute,
and then swam about the tank actively and in a perfectly normal manner. After

a short time it came to rest on the bottom in a perfectly normal position. Half
an hour later, without the slightest disturbance or irritation of any kind, it began

spontaneously to swim again, actively and normally. Coming in contact with a

piece of stick, it attached itself to it by the dorsal cirri, and remained there for

more than a week.

Experiment 2. An active specimen was eviscerated and allowed to come to

rest. The ventral surface of one of the arms was then irritated gently with a needle.

Active movements both of the irritated arm and of the others resulted. The same
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effect followed irritation of one of the ordinary pinnules, while irritation of the

oral pinnules caused immediate and strong flexion of all the arms.

Experiment 3. An active specimen vras eviscerated and allowed to come to

rest in the normal position. It was then inverted and placed mouth downward
on the bottom of the tank. After a short rest it righted itself in the normal man-

ner, but rather more slowly than usual, the interval between inversion and the

completion of the righting being about two and a half minutes.

This experiment was repeated many times with different specimens. Some

righted themselves instantaneously, others took a longer or shorter tune, but the

general average of the times taken by eviscerated specimens to right themselves

was about half a minute longer than that of uninjured ones.

Experiment 4- A. specimen was eviscerated and allowed to come to rest. A
needle was Ihen passed from the oral surface down the canal within the radials

so as to irritate the central capsule. The result was immediate flexion of the arms,
and in many cases active swimming movements of the whole animal.

Experiment 5. A specimen was eviscerated and then cut into two parts, one

having two pairs of arms and the other three. The central capsule, which was
divided and freely exposed by the operation, was then irritated by a needle. The

slightest irritation caused very active and violent flexion of the arms.

Experiment 6. An active uninjured specimen was held under water and the

dorsal half of the centrodorsal plate removed by a single snip with a large pair
of scissors, so as to expose and partly remove the central capsule. On being
released the animal fell to the bottom with the arms very strongly extended, but

in about 20 minutes gradually righted itself and assumed the normal position.

The exposed central capsule was then irritated, first with a needle and then with

strong nitric acid applied by a small brush. The effect of irritation was to cause

very strong and spasmodic flexion of the arms, which in the first case ceased on

removal of the stimulus, but in the case of the acid persisted for several hours.

Experiment 7. The centrodorsal of an active specimen was removed with

scissors and the central capsule carefully scooped out with a small scalpel. The
animal on being released fell to the bottom of the water, where it lay on its side

with the arms very strongly extended, remaining in this position for several hours

without any attempt to move. If taken from the water and thrown in again the

arms moved fairly actively, but there was no attempt at swimming, each arm

apparently acting quite independently of the rest. Finally, if placed on its oral

surface, it remained there for an indefinite time without making the slightest

attempt to right itself.

Experiment 8. The preceding experiment was repeated on an eviscerated

specimen, the results being in all respects the same.

To obtain definite results in these experiments it is necessary to remove com-

pletely the central capsule, and this Marshall found could not be effected by simply

cutting away the centrodorsal plate ;
in addition, the capsule must be either scraped

out with a fine scalpel or else destroyed by free painting with strong acid.

Specimens in which the centrodorsal plate has been simply snipped off, though
they lose temporarily the power both of swimming and of righting themselves,
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yet regain these more or less completely after an interval of half an hour to an

hour. If, however, sufficient care has been taken to destroy entirely the central

capsule, the loss of power is absolute and permanent.

Experiment 9. The centrodorsal plate of an active specimen was removed

and the central capsule entirely destroyed ;
the cavity was also very freely painted

with nitric acid, so as to expose and destroy the pentagonal commissure connecting

the axial cords at their roots. After being left at rest for an hour the arms were

irritated one by one. Each arm responded readily and extensively to the stimu-

lation, but the movement was limited to the arm directly irritated, none of the

other arms sharing in it, except sometimes the other arm of the pair to which the

irritated arm belonged.

Experiment 10. Various parts of the surface, both of the disk and of the

arms, of active uninjured specimens were irritated, both mechanically and chem-

ically, in order to determine the normal distribution of sensation. All parts of

the surface were found to be sensitive, but in very unequal degrees. Irritation of

the dorsal surface of the calyx caused only slight movements of the arms, unless

the irritation were severe or prolonged. .

Irritation of the dorsal or lateral surfaces of the arms, where the layer of

integument is very thin, caused flexion of the arms, with extension of pinnules

close to the irritated spot. The response was usually ready, but the movement

only slight. Prolonged or more violent irritation caused exaggeration of the

movement, together with approximation of the adjacent arms toward the irritated

arm, as though to remove the source of irritation, and in some cases active move-

ment of the whole animal in a direction away from the irritated arm. Irritation

of a pinnule causes, according to the degree and duration of the stimulation,

movement of the pinnule, movement of the whole arm, approximation of the

adjacent arms to the affected one, or active movement of the whole animal away
from the source of irritation. Irritation of the oral pinnules causes, as already

noticed, immediate and very active flexion of all the arms, so as to close in over

the disk.

The epithelium of the ambulacral grooves is extremely sensitive, and the

results of the stimulation are very definite. The slightest irritation causes instan-

taneous movement of the four or five pairs of pinnules immediately adjacent to

the irritated spot, the pinnules being folded alongside the ambulacral groove so

as to close it in and grasp the needle or other source of irritation. If the stimu-

lation be continued the arm is actively flexed and the adjacent arms applied
to it and rubbed along the affected part, as though to remove the source of

irritation. Finally, irritation of the ventral surface of the disk between the

ambulacral grooves causes movements of the arms, but not nearly so active as

when the oral pinnules are touched.

Experiment 11. An active specimen was eviscerated and left for half an

hour. The calyx, arms, and pinnules were then successively stimulated, as in

the preceding experiment. The results were exactly the same.

Experiment 12. An active specimen was taken and all the soft parts scraped

away with a knife from the ventral surface of one of the arms, the scraped
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portion being about a quarter of an inch in length and 1 inch from the disk.

The pinnules were immediately folded closely alongside the wound, and the

animal on being released swam actively away from the injured arm. It soon

came to rest in the normal position, and about 6 minutes after the operation the

distal end of the injured arm was nipped with the forceps. The distal part
of the arm, beyond the injury, was at once flexed actively, the proximal part
less actively, and the other arms did not move. After a 20 minutes' interval

the distal end of the injured arm was again nipped, when active movement of

all the arms at once resulted, the animal moving rapidly away from the source

of irritation.

Experiment 13. A large and vigorous specimen was taken and a quarter of

an inch of one of the arms, about an inch from the base, thoroughly scraped with

a scalpel all around so as to remove the soft parts as completely as possible.

The pinnules of the affected part and for a quarter of an inch on either side of

the wound were cut away to prevent any possibility of contact communication

between the parts on either side of the injury. The injured part was then painted all

around very freely with strong nitric acid, the operation being repeated until fully

half the thickness of the calcareous segments had been dissolved away. The
wound was then washed freely with sea water and the animal returned to the

tank. It fell at once to the bottom on its side with the injured arm and the

other arm of the same pair stretched out horizontally, and the other arms rather

strongly extended. After a few minutes it began to move slowly, and in 6 minutes

had completely resumed the normal position. After half an hour's interval the

distal end of the injured arm was sharply nipped with forceps, when strong
active movements of all the arms at once resulted, the animal moving rapidly

away from the source of irritation.

Experiment 14- An active specimen was removed from the water, the dorsal

surface of one of the arms carefully dried, and strong nitric acid applied with

a fine brush to the dorsal surface of the fourth and fifth brachials, which were

dissolved away until the axial cord was exposed and destroyed. If the arm were

held during the operation it was usually thrown off, but if the disk only were held

and the arm allowed merely to rest on the fingers the operation was always
successful. The animal was then returned to the water, where it assumed almost

at once the normal position. After half an hour's rest the distal end of the

injured arm was nipped sharply with forceps; active movements of the irritated

arm beyond the injury ensued, but no movement whatever of either the proximal

part of the injured arm or of any of the other arms.

When in this experiment the ambulacral epithelium is left absolutely unin-

jured it responds to stimulation in a perfectly normal manner.

Experiment IB. One of the arms of an active specimen was cut across at

about its middle and the animal held in the tank so that the stump of the ampu-
tated arm was just above the surface of the water. The stump was carefully

dried and the axial cord touched with a fine needle or with a finely pointed brush

charged with nitric acid. Very violent movements of all the arms at once resulted.
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Similar stimulation of the ambulacral epithelium or of other parts of the section

produced only very slight and local movements.

Experiment 16. As in experiment 12 the soft parts were scraped away from

the ventral surface of about a quarter of an inch of one of the arms an inch

from the base. On being returned to the water the animal swam actively, all

the arms moving vigorously and normally, including the injured one, which,

however, was rather less active than the others, and a little stiff at the scraped

part, probably from direct injury to the muscles.

Experiment 17. The operation was the same as in experiment 14, the dorsal

half of one of the arms about an inch from the disk being dissolved away by
nitric acid until the axial cord was exposed and divided. The animal was then

returned to the water, where it remained quiescent for a few seconds and then

commenced to swim actively and spontaneously, all the arms moving perfectly

normally except the injured one, the proximal end of which moved slightly while

the distal part beyond the injury was perfectly motionless and flexed spirally
into a coil. After a short time the animal came to rest in a perfectly normal

position, but for the spiral coiling of the distal part of the injured arm, which

persisted. After a quarter of an hour's rest one of the uninjured arms was irri-

tated, causing at once active movements of the uninjured arms and of the proximal
part of the injured arm, but none whatever of its distal part.

Experiment 18. In a fresh specimen two injuries, similar to that in experi-
ment 17, were made in one of the arms at spots about an inch and a half apart.
Stimulation of the arm itself, or of the pinnules, between the two wounds caused
movements of the middle portion of the arm but none whatever of the proximal
or distal portions.

Experiment 19. One of the arms of a vigorous specimen was amputated by
a snip of the scissors. The detached arm exhibited extremely active movements
for about a quarter of an hour, coiling and uncoiling with great force and rapidity.
After a time it became quiescent. It was then held in the tank with the proximal
end just out of water. The end was carefully dried and the exposed section of the

axial cord touched with a needle and a fine brush charged with nitric acid. The
slightest irritation, whether mechanical or chemical, caused violent and repeated
flexion of the arm. Stimulation applied to other parts of the cut end produced
but very little effect.

Experiment 20. A specimen was eviscerated and a needle passed down from
the oral surface into the chambered organ and worked about so as to destroy as

completely as possible the central capsule and chambered organ. The animal
was then returned to the water and left at rest for half an hour. One of the
arms was then suddenly nipped with forceps, when all the arms exhibited active

movement, though the animal did not attempt to swim.

Experiment 21. The same specimen was taken and the inside of the canal

lying within the radials was freely painted with nitric acid until the pentagonal
commissure was exposed and destroyed. The animal was then returned to the
water and left for half an hour on its oral face, where it remained without any
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attempt to right itself or to swim. The arms were then strongly nipped with

forceps one by one. Each arm when irritated responded by active movements, but

none of the other arms stirred except the other arm of the pair to which the irri-

tated arm belonged, which moved sometimes slightly, sometimes actively.

Experiment 28. A pair of arms was cut off a specimen, the section passing

between the radial and the IBr,. After half an hour's interval one of the arms

was stimulated, when both arms moved actively.

Experiment S3. Another specimen was eviscerated and a pair of arms

removed, the section passing between the elements of the IBr series. All the soft

parts were scraped from the basal portions of the arms, the basal pinnules were

cut off, and the axillaries and proximal brachials freely scraped and painted with

nitric acid, so that the sole connection between the two arms was through the

substance of the axillary. After half an hour one of the arms was sharply nipped ;

the irritated arm moved freely, and the other arm slightly, but distinctly. The

experiment was repeated with a second specimen, and an interval of three hours

allowed between the operation and stimulation of the arm. In this case active and

extensive movements of both arms followed on irritation of either one.

The preceding experiments show that (a) the central capsule and its prolonga-

tions, the axial cords and their braches, constitute the main nervous system of

Antedon; (b) the central capsule is especially connected with the complex coordi-

nated movements of swimming and of righting when inverted; (c) the axial cords

act as both afferent and efferent nerves; (d) the subepithelial bands are also

nerves, but their exact function is a special and subordinate one in connection with

the ambulacral tentacles and epithelium; (e) evisceration apparently causes but

little inconvenience to the animal, and the visceral mass is regenerated completely
in a few weeks' time.

COLOR OF CRINOIDS.

Of all the animals in the sea there are none that exceed in beauty of coloration

the shallow-water crinoids. Flowerlike in form and almost flowerlike in the

fixity of their habit, they are also flowerlike in the variety and distribution of

their pigments. But with depth the diversity of hue diminishes, so that we find

the color range of the deeper water species relatively restricted, while the indi-

viduals themselves, losing the almost universal spottings and bandings of the

littoral types, become comparatively plain.

Though crinoids resemble flowers in the diversity and brilliance of their colors,

their color types are quite the reverse of flower-like. In a particolored flower the

center or eye is more or less abruptly lighter or darker than the remaining por-

tions, or the petals are longitudinally striped ;
cross banding of the petals is very

rare. Among the crinoids particolored species are usually cross banded, regularly

or irregularly, and though the pinnule tips may be of a different color from their

bases, a true longitudinal striping of the arms is very rare, and a conspicuous eye

is never developed.
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The coloration of specimens of the following species has been recorded :

[After the completion of this section Dr. H. L. Clark turned over to me a

great number of color notes, mostly based upon specimens collected at Port Galera,

Mindoro, Philippine Islands, by Dr. L. E. Griffin, in April, May, and June, 1912.

These are given between brackets in the following pages, but have not been used

in preparing the general conclusions regarding color.]

Family COMASTERID^.

Subfamily CAPILLASTERIN/E.

Comatella nigra. (a) Bright red, the ventral perisome of the arms and pin-

nules yellow.

(Z>) Black

[ (c) The proximal half of the arms, with the pinnules, deep blood red on both

surfaces; distal half dark orange red; disk and centrodorsal deep blood red; cirri

deep blood red with silver tips.]

(d) Arms very dark wine red, covered with olive stippling; very long pin-

nule tips and encircling rings on the pinnule bases light yellowish green; centro-

dorsal orange yellow; cirri mostly light yellowish green, with occasional rings of

very dark wine red, but with the tips yellowish green; disk deep wine red, with

numerous spots of light yellowish green.

(e) Ground color dark wine red, the whole body with fine dots of very light

slightly greenish yellow; pinnules long-tipped dorsally and short-tipped ventrally

with light greenish yellow, becoming less greenish toward the tips; centrodorsal

with a spot of light greenish yellow in the center, and cirri with much of the same

color dorsally.

(/) Ground color of central portion, arms, and proximal two-thirds of the

pinnules, a very dark wine red; pinnule tips orally light straw yellow, aborally

spotted with the same color; centrodorsal straw yellow, with an interrupted line

of dark wine red
;
cirri the same, with a slight washing of dark wine red

;
disk with

numerous spots of light straw yellow with a slight greenish blue tinge; near the

mouth are a few small papillae basally light straw yellow with the tips deep
wine red.

(g) Very dark wine red, except for the silver tips of the cirri.

(h) Entirely very dark wine color.

(i) Arms and pinnules aborally blackish wine color with blotches of yellowish
white on the arms and on the basal half of the pinnules ;

entire oral surface, centro-

dorsal, and cirri blackish wine color, the last with glassy tips.

(j) Central portion reddish brown, becoming darker toward the ends of

the arms.

(k) Dark brown, with numerous spots of very light straw yellow on the

aboral surface of the arms, and the tips of the cirri silver.

(I) Rich dark chocolate brown.
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(m) Ground color velvety brownish black; arms marked with pure white;

under side of pinnules white.

(n) Ground color black, covered with spots of yellowish green; a black line

down the center of each arm.

(0) Central portion black, the outer portions of the arms shading into dull

yellowish green.

(p) Central portion on both surfaces, arms, and pinnules deep black, the arms

in the terminal half with markings of very light straw yellow and certain of the

pinnules deep blood red on the aboral side toward the base; cirri with a dark

brown wash over silver.

(q) Entirely black.]

Comatella stelligera. (a) Violet brown, becoming more reddish toward the arm

tips, with a broad band, over an inch wide, of green, becoming greenish yellow in

the center, in the middle of the arm; brachial perisome in the outer part of the

arm bright red.

[(J) Bright yellow, with a deep green center.

(c) Green, the pinnules with yellow tips.

(d) Yellow green and blackish.

(e) Greenish gray, browner orally.

(/) Rich red purple.

(g) Deep purple red.

(A) Red purple, the pinnules with yellow tips.

(1) Very deep red purple, the pinnules with yellow tips.

(j) Deep purple, the pinnules with yellowish green tips.

(k) Deep purple, the pinnules rusty red in marked contrast.

(I) Red purple, green and yellow.

(m) Purple and green, with the tips of the pinnules rusty.

(n) Uniformly black.]

Comatella decora. Bright yellow, the ventral perisome slightly brownish.

A very small specimen clear yellow, the cirri white.

Capillaster marice.. Brownish yellow, the pinnules grayish.

Capilla-ster muUiradiata. (a) White, with a broad band'of dark maroon about

an inch wide just beyond the middle of the arm, and maroon marblings on the

disk.

(b) Dorsal surface brown, the articulations much darker, heavily silvered

or frosted with white, which extends also over the cirri
;
oral surface black.

[(c) Dark wine red, with brown.

(d) Arms maroon, with a slight reddish tinge; rest of body almost black

brown.

(e) Brownish wine color.

(/) Arms dorsally very dark reddish chocolate, becoming darker bnsally:

ventral surface and dorsal surface of pinnules black chocolate; centrodorsal the

same; cirri the same with silver tips, some with whitish dots in the median line

and others with a drab tinge.
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(g) Proximal portion of arms dorsally orange brown, with transverse lines

of silver, the arms then becoming alternate arcs of silver and dark orange brown,
the latter becoming slightly lighter distally; pinnules in general corresponding in

color to the arms, but toward the arm tips becoming bright orange ;
disk brownish

orange ;
cirri deeper brownish orange, slightly lighter dorsally, with silver tips ;

centrodorsal silver with the center orange brown and five circular areas of the

same color on the margin.

(h) Arms and pinnules crossed by transverse alternating bands of grayish
and brown, the colors becoming lighter toward the arm tips; disk light brown;
centrodorsal dark brown

;
cirri dark brown with white tips.

(i) Brown, with dark joints, orally black, silvered or frosted heavily with

white.

(j) Black except for the articulations of the arms and cirri which are very
dark chocolate with a very slight tinge of red; centrodorsal dark chocolate; tips

of the cirri white.]

Capillaster clarki. Arms and disk greenish, ornamented, the former with

scattered, the latter with numerous, spots and dots; pinnules greenish black with

a narrow white band on each segment; cirri yellow.
Nemaster iowensis. (a) Sulphur yellow.

(b) Rich golden brown.

(c) Arms black, the pinnules lemon yellow at the tips, shading into black.

(d) Nearly black.

Nemaster discoidea. (a) Very dark gray, the pinnules whitish banded with

darker, the cirri whitish.

(b) Black, the pinnules yellow.

Comissia peregrina. Olive green, the cirri blotched with lighter.
Comissia liltkeni. Arms dark greenish yellow, the pinnules chrome yellow,

(he cirri dull greenish yellow with dusky bands.

Comissia horridus. Yellowish brown.

Comissia hispida. Yellow.

Comissia scitulus. Greenish.

Leptonemaster venustus. (a) Pale yellow, yellow, or greenish yellow.
(b) Brownish.

(c) White, each arm with from five to seven narrow cross bands of cadmium
yellow ; arm tips yellowish ;

cirri pale yellow.

Subfamily COMACTINIIN^E.

Comatula rotalaria. Purple.
Comatula purpurea. Reddish purple.

["(&) Olive brown to black.]

[Comantula pectinata. Bright carmine, the pinnules with white tips.]
Comatulella brachiolnta. Purplish red, the centrodorsal and first seven seg-

ments of the cirri darker and more brownish, the distal portion of the cirri

bright red.
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Comactinia meridionalis. (a) Light yellow.

(b) Dark yellow.

(c) Arms light yellow, the pinnules deep carmine, usually tipped with yellow.

(d) Dark rose pink, the pinnules pale yellow banded with burnt sienna, the

cirri pale yellow.

(e) Rich carmine.

(/) Rich carmine with yellow spots, the pinnules orange yellow.

(g) Deep carmine, the pinnules orange with red and yellow spots and tipped
with yellow.

(A) Bright purple, the pinnules brighter purple.

(z) Deep mauve, the pinnules very pale straw yellow banded with grayish

purple.

Subfamily COMASTERIN^E.

Comaster fruticosus. Brownish yellow.

Comaster taviana. Chrome yellow ventrally, the dorsal skeleton yellowish
white.

Comaster parvus. Deep black, the tips of the pinnules yellow.

Comaster serrata. Dull greenish yellow.

Comaster minima. Chrome yellow, with numerous longitudinal narrow lines

on the radials and division series, and transverse lines on the arms, of dark brown.

[Co-master belli. Deep purplish blue, the pinnules purple, the cirri lemon

yellow.]

[Comaster novceguinece. (a) Arms olive; pinnules blue, darker on the oral

surface; disk dark blue; centrodorsal olive; cirri blue, darker toward the ends,

with silver tips.

(b) Very dark dirty brown ventrally; dorsally very dark chocolate with

burnt orange at the margins of the brachials and also small dots on the brachials

and the pinnulars; centrodorsal dark chocolate with a white dot in the center and

a few dots of burnt orange around it.

(c) Arms dorsally black brown except toward the base; pinnules the same,

with long yellow tips; centrodorsal with a black brown margin and brown over

silver center
;
cirri thin brown over silver, with silver tips.

(d) Wholly dark chocolate.]

Comantheria briareus. (a) Yellow and black in cross bands.

(b) Dorsally dark green, with the articulations and some small spots greenish

yellow ; sides of the arms including the pinnules, and distally much of their dorsal

surface, yellowish white; centrodorsal partly white; cirri yellow: tips of the pin-

nules rusty red
;
oral surface very dark, but finely mottled with yellow green.

[(c) Dark burnt orange, the centrodorsal and disk lighter than the rest of

the body.

(d) Dark wine red with just a suggestion of very dark brown; division series

dark and dirty brown, as if abraded.

(e) Dark wine red.
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(/) Very dark wine red with just a suggestion of very dark chocolate, the

ends of the arms much lighter than the rest of the body and with a tinge of brown,
the tips of the pinnules with a suggestion of crimson.

(g) Dark wine reel, with the ends of some of the arms light chestnut.

(h) Dark wine red, with a tinge of dark brown, the tips of the pinnules
dark red.

(i) Very dark brownish red, the tips of the pinnules very dark red.

(j) Rich chocolate brown, with a red tinge.

(k) Arms for about the proximal half dark orange brown, with a few median
white spots near the centrodorsal, the pinnules the same ventrally, dorsally slightly

lighter and with tips of light straw yellow ;
on some of the arms the terminal half

is light chocolate, the pinnules the same with light straw yellow tips; other arms
are transparent white or white with chestnut spots, and the pinnules are trans-

parent white with light chestnut spots; oral pinnules chestnut with light straw

yellow tips ;
disk chocolate in the center and chestnut on the margin.

(I) Arms in the proximal thirds on both surfaces brownish orange, becoming

light olive green, and light yellowish green at the tips, the pinnules corresponding;
arms and pinnules with a fine stipple of bright straw yellow ;

disk and centro-

dorsal brownish orange.

(m) Arms dark brownish orange, slightly darker ventrally than dorsally,
with a stipple of light orange yellow ; pinnules dark brownish orange with numerous

bands, and tips, of light orange yellow, slightly darker ventrally than dorsally;
centrodorsal light orange yellow.

(n) Fairly dark wine red with dorsally a coarse stipple of light straw yellow,
the terminal thirds of the arms light straw yellow with a slight tinge of green.

(o) Dark wine red, regularly stippled all over, though increasingly less toward
the arm tips, with bright straw yellow.

(p) Very dark wine red tinged with dark brown and coarsely stippled with

light straw yellow, the arms in the distal half becoming very dark olive with no

stipple ; tips of the pinnules light straw yellow.

(q) Stippled with golden yellow.

(r) Purplish wine color, the tips of the pinnules and spots on the arms bright
straw yellow ;

cirri and centrodorsal bright straw yellow, the former with spots of

dark wine color.]

\_Comantheria alternans. Orange brown, the young arms and the distal part
of many of the old ones bright brownish orange.]

[Comantheria weberi. (a) Arms ventrally light yellowish green, laterally and

dorsally very dark brown, almost black; pinnules dark brown, tipped with light

yellow; disk light brown; centrodorsal dark brown, almost black; cirri dark brown.

(b) Arms blue dorsally and very dark brown or black ventrally; pinnules the
same

;
disk black

;
centrodorsal brown

;
cirri brown over silver.

(c) Wholly very dark brown.

(d) Entirely blackish brown except for the silver tips of the cirri.

(e) The same as the preceding, but darker.]
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Coman th ina schleyelii. (a) Bright yellow.

[(&) Division series, centrodorsal and cirri light j'ellow, with dots of blackish

brown at the margins of the ossicles and between them
;
most of the arms blackish

brown, dorsally with numerous oblong markings of light yellow along the median

line, some entirely light yellow almost to the tips ; pinnules mostly blackish brown

dorsally, ventrally the same basally with the tip light yellow ;
disk blackish brown

with irregular markings of light yellow.

(c) Ventral surface of arms and pinnules various shades of dark orange

red; the dorsal surface of the arms white, the pinnules with a row of white spots

dorsally and with the tips on both surfaces light straw yellow; elongated oral

pinnules white dorsally and deep orange red ventrally; centrodorsal slightly

grayish.

(d) Dorsal side of arms in the proximal two-thirds white, the ventral and
lateral portions and the disk dark orange red; some of the pinnules dark orange

red, others white or very slightly pink ; pinnules on basal half of arms with tips

of light yellow ; centrodorsal white.

(e) Arms dorsally white at the base with a thin wash of very dark orange
red on the remainder of the dorsal and lateral surfaces, ventrally very light

yellow ; pinnules dorsally light yellow, ventrally deep orange red with light

yellow tips; elongated oral pinnules light yellow, with spots of deep orange red;
centrodorsal yellow with a broad white median pentagon and spots of dark red-

dish orange at the angles; disk thin dark reddish orange with irregular markings
of very light transparent greenish yellow.

(/) Centrodorsal, cirri, and division series dull orange, the last with the

joints almost white; arms moderately dark reddish orange; pinnules the same

ventrally, dorsally brighter, tipped with bright orange yellow; some of the arms
have areas, including also the adjacent pinnules, which are either solid white or

mottled white and reddish orange ;
disk bright orange yellow.

(g) Division series bright yellow; some of the arms dorsally dull orange,
others blackish brown

;
some of the arms in the distal two-thirds white, with the

sides of others white and the remainder light straw yellow ; pinnules in general

corresponding to the color of the arms, but the pinnules arising from the white

sides of the arms are dull orange ;
disk and proximal third of arms ventrally light

straw yellow; centrodorsal and cirri white.

(A) Centrodorsal blackish brown and white; division series blackish brown,

chestnut, and white, the interbrachial plating white; arms of various colors, white

or very light chestnut dorsally and blackish brown laterally to light yellowish

green dorsally and laterally with an irregular stipple of very dark orange brown '

ventrally some of the arms are light yellowish green, others light olive, and still

others blackish brown; arms that are brown dorsally or laterally are darker
brown vent rally; on very light yellow or light greenish yellow arms the pinnules
are mostly deep orange red ventrally, the basal third stippled with light olive,
and slightly yellowish green dorsally; on the dark orange red portions of the
arms the pinnules are of the same color as the latter on both surfaces and tipped
with white except for a fow th:it. are all white or \vhilo mottled with dark orange
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red; a few of the pinnules on green or yellow green areas are white; elongated

oral pinnules chestnut dorsally and chocolate ventrally; disk blackish brown and

chocolate, the ambulacral grooves light yellow.

(i) Very similar to the preceding, but with no white interbrachial plates;

centrodorsal white; terminal half of the arms \ery light greenish yellow.]

[Comanthus bennetti. (a) Division series and arms dull orange yellow with

numerous small spots of dark orange ;
toward the middle of some of the arms the

spots become darker, and lighter again toward the tips; the color of the pinnules

in general corresponds to that of the arms; elongated oral pinnules dull orange
with spots of dark reddish orange; ventrally some arms are very dark brown,
while others are wholly or partly dull orange with spots of dark reddish orange;

disk dark wine red.

(b) Division series greenish yellow with a thin stipple of very dark wine red;

arms dorsally very dark wine red stippled with light orange yellow, the latter

becoming more abundant at the margins of the brachials; pinnules dorsally in

the basal third very dark wine red, heavily stippled with light orange yellow;

ventral surface of disk and arms light orange yellow very finely stippled with

very dark wine red, the stippling absent on the pinnules: centrodorsal dull orange

yellow ; cirri dorsally similar but in the terminal half light orange yellow stippled

with very dark wine red; ends of the tips vitreous, the bases glassy over dark

reddish orange.

(c) Centrodorsal chestnut with white dots; division series purplish; arms

dark chocolate with two rows of alternating white spots on the ventral side of the

arms and the tips of the pinnules light brown; disk creamy white; cirri with

a tinge of purple and glassy tips.

(d) Centrodorsal and division series very dark reddish brown, with just

a suggestion of dark purple, becoming lighter reddish brown in the terminal

half, very closely stippled with light yellowish green; arms and pinnules dorsally

dark reddish brown with a very light yellowish green stipple and ventrally the

same with the ambulacral grooves chestnut; disk dark reddish brown with a

purple tinge, with a very close stipple of light yellowish green; cirri dark reddish

brown with a purple tinge, lighter proximally and distally, with silver tips.]

Comanthus solaster. Dark purple, the disk, cirri, and pinnules brownish

yellow.
Comanthus japonicus. Bright yellow to deep yellow brown.

Comanthus wahlbergii. Dark violet to blackish.

\Comanthus samoana. (a) Arms dorsally olive, slightly lighter ventrally:

pinnules near the arm bases olive dorsally, slightly darker ventrnlly, toward the

ends of the arms becoming yellowish, slightly darker ventrally; tips of the pin-
nules much lighter than their bases; centrodorsal dark olive with the center yellow;
cirri light yellow, slightly darker dorsally than ventrally.

(b) Blue green.

(c) Purple, the pinnules with yellow tips.

(d) Brown, shading into green at the middle of the arms; tips of the arms

yellow.



710 BULLETIN 82, UNITED STATES NATIONAL MUSEUM.

(e) Brown, the tips of the arms greenish.

(/) Dark brown, lighter dorsally at the arm bases where there is much mot-

tling with cream white
;
cirri white, marked with light brown.

(ff) Similar, but the white very much predominates.

(A) Apparently uniform black.]

Comanthus annulata. (a) Ranging from lemon yellow and brown to almost

uniform dead black, with bewildering diversity.

(b) Dull green.

(c) Dorsal surface deep canary yellow, pinnules bright red.

[(d) Dorsal surface white, the joints darker; cirri greenish white, the joints

pure white, appearing as white spots; ventral surface brown, deepest on the disk

and lightest at the tips of the arms.

(e) Chrome yellow, greener orally, the joints not much darker.

(/) Arms dorsally orange and white, laterally white, ventrally orange; some

pinnules dull orange ventrally and white dorsally, others very dark chocolate ven-

trally and white dorsally; centrodorsal with a white center passing outwardly
through dark drab to bright orange yellow; cirri very light orange yellow; disk

dull orange with markings of slightly yellowish white.

(g) Arms dorsally silver with numerous transverse lines of dark orange,

ventrally dark reddish orange; outer third or half of some of the arms light dull

orange, slightly lighter dorsally than ventrally; pinnules dorsally silver, with

numerous transverse marks of dull orange on the sides, ventrally deep orange,
toward the arm tips corresponding to the color of the latter; centrodorsal dull

orange ;
disk rather dark reddish orange.

(A) Yellowish green, the pinnules with white tips.

(i) Arms light yellowish green on both surfaces; pinnules varying from light

yellowish green dorsally to india black ventrally, the tips somewhat lighter;
centrodorsal olive; rudimentary cirri light olive; disk light olive with black

reticulations.

(j) Arms dark yellowish green; pinnules dorsally the same, shading to very
light greenish yellow at the tips, ventrally blackish or bluish green; centrodorsal

dark yellowish green; cirri greenish blue, slightly darker ventrally than dorsally.
with silver tips.

(k) Centrodorsal and arms on both surfaces greenish yellow, becoming lighter

toward the tips; pinnules light blue dorsally, very dark blue ventrally; cirri bluish

dorsally, darker ventrally, with silver tips.

(I) Bright green.

(m) Arms leaf green dorsally, olive green ventrally; pinnules bright blue

dorsally, dark bluish green ventrally; centrodorsal olive green streaked with

brown
;
cirri blue

;
disk olive.

(n) Arms dorsally golden green, the pinnules lighter yellowish green with the

tips very light yellow for a long distance dorsally and a short distance ventrally.

(o) Arms olive, slightly darker dorsally than ventrally; pinnules light olive

dorsally, dark blue ventrally; centrodorsal olive; cirri pale blue with silver tips;
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disk olive, slightly darker in the center than at the margins, with blackish brown
reticulations.

(p) Arms olive, slightly darker ventrally than dorsally; pinnules proximally

olive, shading to dark blue distally, slightly lighter dorsally than ventrally ;
centro-

dorsal olive; cirri bright blue with silver tips; disk olive with blackish brown
reticulations.

(q) Arms olive on both surfaces; pinnules olive dorsally and blue ventrally;
centrodorsal light olive; cirri light blue with white tips; disk olive with black

reticulations.

(r) Arms olive on both surfaces, becoming somewhat blue on the bases ven-

trally; pinnules olive dorsally and blue ventrally; centrodorsal olive; cirri light
blue with silver tips ;

disk olive.

(s) Arms dorsally very dark olive at the base, becoming very dark brown,

ventrally very dark brown with light olive markings on alternate sides; pinnules
blackish brown with brown tips; cirri silver olive dorsally and light olive ven-

trally with silver tips ;
disk blackish brown.

(t) Arms brownish olive dorsally, olive ventrally with a dark brown zigzag

stripe ; pinnules olive with extensive chocolate brown irregular markings ventrally ;

centrodorsal brownish olive
;
cirri olive at the base and with alternating areas of

chestnut and olive
;
disk olive with irregular chestnut brown markings.

(u) Arms olive, slightly lighter ventrally than dorsally; pinnules light blue

dorsally and dark blue ventrally; centrodorsal light olive; cirri light blue; disk

dark olive.

(v) Dorsal surface pure olive with the joints and syzygies cream color; pin-
nules with white or pale cream-colored joints, appearing as white spots on their

dorsal surface, and with brown orange tips; oral surface blackish; disk spotted
with cream.

(w) Arms dorsally olive, the pinnules light yellowish green, and ventrally
olive with the ambulacral grooves dark blue; pinnules ventrally slightly grayish
blue

;
disk dark olive with reticulations of blue black.

(a;) Arms olive, slightly lighter ventrally than dorsally; pinnules dorsally at

the arm bases light yellowish green toward the arm tips, gradually becoming
blackish blue dorsally, ventrally blackish blue; centrodorsal light olive; disk very
dark olive with blackish blue reticulations

;
cirri light greenish blue.

(y) Similar, but the pinnules wholly bluish black.

(s) Arms and pinnules dorsally dull greenish yellow, ventrally black; disk

very dark green ;
centrodorsal light greenish yellow ;

cirri dull greenish yellow with

a slightly bluish tinge.

(aa) Arms yellowish olive dorsally with a median line of very light straw

yellow, ventrally dirty light yellow with the ambulacral groove blackish brown;
basal portion of the pinnules dorsally blackish brown with spots of light dirty

yellow, becoming clear very light yellow toward (he tips with a slight greenish

tinge in the spots: pinnules ventrally blackish brown with spots of light clear and

dirty yellow; centrodorsal yellowish olive with the central portion light yellow;
cirri yellowish olive with spots of clear light yellow ;

disk the same.

142140 21 Bull. 82 47
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(bb) Bases of the arms reddish and whitish, the distal halves greenish yellow.

(cc) Disk and the basal portions of the arms ventrally bright rose purple,

dorsally light yellowish brown, becoming dusky at the middle of the arms and in

the terminal portion bright yellow with or without a transverse band of rose pur-

ple ;
cirri rose purple.

(dd) Very dark wine red.

(ee) Arms and centrodorsal very dark red; pinnules blackish brown with

silver tips ;
disk blackish brown.

(//) Arms blackish brown on both surfaces, ventrally with a zigzag stippled

olive stripe; pinnules blackish brown with long yellow tips; centrodorsal and cirri

blackish brown
;
disk very dark brown.

(ffff) Blackish brown.

(hh) Entirely very dark brown.

(ii) Black ventrally, bright yellow dorsally.

(jj) Black, the pinnules with yellow tips.

(kk) Black, some of the arms and pinnules light brown terminally; cirri

lighter dorsally than ventrally, with white tips ;
disk slightly yellowish.

(II) Pure velvety black except for the arm tips, which are canary yellow with

the faintest tinge of green.

(mm) Deep black, the cirri silvery with white tips.

(nn) Arms chestnut brown dorsally, slightly darker ventrally; pinnules the

same color as the arms, some of them with very short silver tips; centrodorsal

chestnut; cirri light brown with silver tips; disk very dark brown with olive

oblong spots.

(00) Arms blackish brown; pinnules blackish brown with burnt orange tips;

centrodorsal blackish brown with silver spots between the cirri; cirri partly

blackish brown and partly silvery, with silvery tips.

(pp) Arms dorsally light brown with a light olive median stripe, ventrally

light olive with a blackish brown median stripe ; pinnules light olive dorsally, dark

blue ventrally, with short light yellow tips, some with alternate areas of olive

and blackish brown orally; centrodorsal brown with five radial olive markings;
cirri with alternate bands of brown and olive.

(qq) Arms dorsally light brown, ventrally olive, slightly lighter toward the

tips; pinnules olive with light yellowish green tips, lighter dorsally than ventrally:

centrodorsal with a white center; disk dark olive.

(rr) Arms basally dark chestnut with markings of light bluish green, then

bluish green, and the remainder to the tips blackish brown
;
in the first area the

pinnules are colored like the arm; in the second they are light greenish yellow
with blackish brown spots; centrodorsal blackish brown with light bluish green

spots; disk blackish brown with the ambulacral grooves light bluish green.

(us) Arms dorsally very dark olive or chocolate, the brachials bordered with

black; pinnules black with a silver median line, the tips very light yellow; arms

ventrally light olive, with the ambulacral grooves black, green, or brown; on
certain arms the ventral surface of the pinnules is the same; on others they are

silver with a median black line; they show pinkish, and are presumably filled
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with spermatoza ;
centrodorsal cream white, surrounded by light brown

;
disk

silver with light brown and black specks.]

Comanthus paruicirra. (a) Dark purple.

(b) Bright yellow brown; in some cases this is much darkened and has a

greenish cast
; rarely the tips of the pinnules are green or greenish yellow.

(c) Deep olive brown, the pinnules tipped with yellow.

(d) Brown, the pinnules green.

(e) Orange.

(/) Kose red and white.

[(g) General color bright canary yellow; dorsal surface of the arms with

a central and two lateral lines of dark brown; brown transverse lines at the

articulations
; tips of the pinnules dark prussian blue.

(A) Greenish yellow and rich reddish purple.

(i) Arms red, the pinnules deep yellow; a broad white band across the bases

of the arms dorsally and others at irregular intervals distally.

(j) Arms dorsally at the base yellow with dark brown longitudinal bands

and spots, becoming distally yellowish green, ventrally olive with a median line

of dark brown; pinnules dorsally banded with brown and yellow, ventrally dark
brown with yellow transverse bands and near the base olive green patches ; centro-

dorsal with yellow and brown spots; cirri banded brown and bright yellow; disk

very dark brown with yellow and a few green areas.

(k) Delicate gray.

(I) Grayish.

(TO) Rather grayer than usual on the ventral surface.

(n) Grayish brown with yellowish arm tips.

(o) Arms dorsally whitish, the joints and syzygies dark brown, ventrally
delicate wood brown, most of them darker at the base

;
cirri yellow, banded with

dusky.

(p) Light grayish brown.

(q) Light wood brown.

(r) Very brown.

(s) Entirely chocolate.

(t) Dorsal surface dull whitish or pale grayish brown with each joint and

syzygy black, the ventral blackish; pinnule segments almost white; cirri pale

yellowish.

(u) Arms dorsally black, becoming olive distally, ventrally black; disk black
over olive; centrodorsal light olive; cirri olive with cream-colored tips.

(v) Entirely deep blackish brown except the cirri, which are slightly silvery
distally with silver tips.]

Family ZYGOMETRID^.

Zygometra microdiscus, young. (a) Whitish, marked with narrow irregular
bands and spots of bright red ; cirrus segments violet, distally bordered with white.

(b) Spotted with red violet and with broad white cross bands: cirri as before.
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Zygometra elegtms. The color in life is recorded as very variable, with no

details. The black and white comatulids mentioned by von Willemoes-Suhm were

probably this and the preceding species.

[Zygometra comata. (a) Equally mixed spots of dark brown and canary

yellow all over the body.

(J) Orange, the arms covered with darker spots which give them a bronzy

appearance.]

Zygometra punctata. (a) Dull red.

(5) Purple of a rather pale shade; pinnules yellowish at the tips; cirri more
or less white.

Zygometra pristina. Deep violet, the cirri white.

Catoptometra magnified. "Apparently bright yellow, with regular bands of

bright red on the arms, like C. ru7)rofl>ava."

Catoptometra rubroflava. Brilliant yellow, the arms broadly banded with

bright red
;
the cirri are dull orange red.

Catoptometra hartlaubi. (a) Yellowish brown, the skeleton whitish.

(6) Young; bright yellow.

Catoptometra ophiura. (a) Dull olive green, the disk ambulacra and the

perisome of the pinnules dark brown.

(b) Bright yellow, the arms broadly banded with bright red.

Family HIMEEOMETRID^.

Himerometra magnipinna. (a) Uniform deep violet.

[(>) Arms transversely barred with brown, at the base whitish or light straw

yellow; pinnules barred with whitish and brown; anal tube straw color, spotted
with light brown.

(c) Division series dull ochre; the arms crimson, shading to rich chocolate

at the tips.

(d) Arms dorsally wine red, becoming darker on the division series, regenerat-

ing arms tending to crimson, ventrally light pinkish gray with transverse lines
;

pinnules dorsally like the arms ventrally; enlarged proximal pinnules, disk,

ambulacral groove of the arms, and the ventral surface of the pinnules dark wine

red, tending toward crimson on regenerating arms ; cirri ventrally colored like the

division series, dorsally slightly lighter, and with silver tips.

(e) Dark wine red, the dorsal surface of the arms washed with silver; centro-

dorsal pink; cirri slightly lighter dorsally than ventrally, with white tips.

(/) Dark wine red with two rows of alternating white spots along the ventral

surface of the arms.

(g) Medium dark wine red, the centrodorsal pink, the cirri dorsally slightly

lighter with the tips white.]
Ueterometra nematodon. Dorsally light Hesh color; pinnules ventrally more

or less violet; cirri dark violet, many of the segments dark in the middle, so that

they appear ringed.



MONOGRAPH OF THE EXISTING CRINOIDS. 715

Heterometra crenulata. (a) Striped dark violet brown and yellow.

(b) Red and violet.

(c) Red brown and white in cross stripes, the disk with scattered triangular
white spots between the ambulacra! grooves.

(d) Red.

Heterometra affinis. Purplish black and white in alternating bands about a

quarter of an inch wide.

Heterometra savignii. (a) Purple and white.

(b) Brown and white.

(c) Whitish, with a violet tinge, and with patches of darker color and
of yellow.

Heterometra bengalensis. Black.

Amphimetra discoidea. (a) Yellow brown, the perisome of the pinnules

yellow.

(b) White, the ambulacra! grooves and the cirri violet.

Homalometra denticulata. Bright yellow and lavender in alternating bands
about three-sixteenths of an inch wide.

Family STEPHANOMETRIDJE.

Stephanometra echinus. (a) Dark purple.

[(&) Orange yellow with a few areas of very dark chocolate wine, becoming
lighter on the division series and very light on the arm tips,

(c) Burnt orange with the disk slightly yellowish; there are numerous small

spots of dark wine red over the whole surface, becoming larger, darker, and more
numerous on the ventral surface of certain arms, where they give the appearance
of very dark chocolate.

(d) Arms dorsally alternating silver and bright red, ventrally silver and dark
wine red

; pinnules in general corresponding to the color of the arms at the point
of origin; enlarged proximal pinnules and the tips of the others orange; centro-

dorsal silver, surrounded by rings of light red brown
;
disk light pink, with small

spots of orange ; cirri silver basally, with occasional areas of light red brown, and
silver tips.

(e) Maroon, crimson, light cream color, and light chestnut; disk white, orange,
and pink ;

centrodorsal cream color with a maroon margin ;
cirri white and orange.

(/) Wine red, the ends of the arms and regenerating arms bright red, almost

crimson, the whole surface with fine silver markings.]

[Stephanometra oxyacantha. (a) Proximal third of the arms silver with
blackish brown lines at the articulations, the arms then becoming dorsally blackish

brown with transverse lines of silver and ventrally blackish brown; enlarged oral

pinnules silver, with a blackish brown stripe dorsally; centrodorsal very dark red

with a median and five marginal white spots ;
cirri very dark red with silver tips ;

disk blackish brown.

(b) Arms chestnut, maroon, white, and chocolate, with transverse lines at the

edges of the brachials; enlarged proximal pinnules with a wash of purple ven-
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trally and laterally, chestnut dorsally ;
disk white, chocolate, and chestnut

;
centro-

dorsal dark chestnut, with a white dot in the center
;
cirri with a chocolate wash

ventrally and a faint trace of purple toward the base dorsally.

(c) Proximal third of the arms very dark reddish orange, beyond very light

orange yellow, almost white, with transverse markings of very dark reddish orange ;

pinnules very light orange yellow with long tips washed with bright orange yellow ;

cirri dark reddish orange, slightly lighter dorsally.

(d) Light purplish gray except for bands of chestnut at the end of the basal

third of the arms from which point purplish gray and chestnut alternate on the

arms and pinnules; disk light cream color.

(e) Arms olive dorsally and olive brown ventrally; pinnules blackish brown,

slightly darker ventrally than dorsally, with yellow tips; centrodorsal and cirri

dark olive.

(/) Arms and pinnules very dark reddish orange stippled with silver
;
centro-

dorsal the same, with a silver spot in the center and four marginal silver areas;

cirri the same, slightly lighter dorsally than ventrally, with silver tips.

(g) Arms at the base dorsally deep reddish orange, with purple, washed with

light gray ; then come darker areas with dark reddish brown until about the middle

of the arms, where the color is dark reddish orange with purple; toward the arm

tips the color shades to very light purple with a wash of silver; on the basal half

of the arms the color of the pinnules in general corresponds to that of the arms,

but on the terminal half the pinnules are covered with rings of silver and dark

reddish orange with purple, the latter becoming lighter toward the tips, and there

are some areas where the pinnules are almost all white with only a few spots of

this dark color; centrodorsal light dirty gray; cirri with a heavy wash of yel-

lowish white over dark reddish orange, with slightly yellowish white bases and

silver tips; disk light bluish gray with a trace of yellow on the ambulacral grooves.

(h) Arms with alternating areas of deep orange red and dull orange, with

the edges of the brachials darker than the rest of their surface: pinnules corre-

sponding in color to the arms in the lighter areas, in the darker with transverse

bands of dull orange ;
centrodorsal white

;
cirri orange red, dorsally silvered

;
disk

mottled rather deep reddish orange and very light orange yellow.

(i) Arms and pinnules dorsally bright violet red with the joints darker, ven-

trally very light violet red, with alternating blotches of much darker; enlarged

proximal pinnules light violet red; middle of centrodorsal light violet red, the

remainder very light orange yellow.

(j) Arms basally very dark red, with transverse silver marks ventrally,

becoming silver with transverse lines dorsally; pinnules very dark red, the enlarged

oral pinnules slightly lighter ventrally ; disk, centrodorsal, and cirri very dark red,

the centrodorsal with a silver center, the cirri lighter dorsally than ventrally and

with silver tips.

(k) Light wine red, the enlarged oral pinnules lighter; centrodorsal with a

white median spot.

(I) Dark wine red with the enlarged oral pinnules slightly lighter; centro-

dorsal with a median white spot.
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(m) Wine red, slightly lighter ventrally than dorsally; tips of the cirri

slightly silver.

(n) Dark wine red.

(o) Division series chocolate with a tinge of purple; arms dorsally reddish

chestnut, the margins of the brachials chocolate, ventrally, with the pinnules and

disk, dark chocolate; some of the pinnules dorsally dark reddish chocolate, and
others with areas of very light chestnut

;
centrodorsal dark wine red

;
cirri purplish,

darker ventrally, with silver tips.]

Stephanometra spicata. (<z) Uniform deep red-purple, except the cirri, which
are nearly dull yellow at the base and only dark at the tips.

(6) Orange yellow, with the middle third of the arm orange red.

[ (c) Cream yellow, with dark brown spots on the arms.

(d) White, with dark chocolate stripes on the arms and pinnules; white areas

on the dorsal surface of the arms with grayish centers.

(e) Fine reddish purple.]

[Stephanometra monacantha. Arms dorsally dark reddish brown with con-

spicuous cream-colored bands at irregular intervals, ventrally rusty red with an
occasional cream-colored patch; pinnules dorsally rusty brown, ventrally rusty

red; centrodorsal cream colored; cirri cream colored proximally, becoming gray

distally ;
disk rusty re)d with cream-colored markings.]

Family MARIAMETRIDJE.

Pontiometra andersoni. Purplish brown.

Oxymetra aranea. Greenish yellow.

\Dichrometra bimaculata. (a) Division series drab with a slightly purplish
wash

;
arms with areas of light purplish and areas of white with a tinge of purple ;

pinnules dorsally chestnut with a tinge of purplish or white, ventrally chocolate

or white ; centrodorsal light muddy brown
;
cirri light purple with white tips ;

disk

white with two chocolate papillae on opposite sides of the central mouth.

(6) Arm bases dorsally very light dull orange, then lighter 'dull orange, fol-

lowed by alternating areas of the latter and dark reddish orange, growing slightly

lighter toward the arm tips; arms ventrally with alternating ill-defined areas of

very light orange yellow and dark reddish orange ;
mouth and ambulacral grooves

on the disk and arm bases bright straw yellow ; pinnules in general corresponding
in color to the arms, but those arising in areas of dark reddish orange have rings
of very light orange yellow: elongated oral pinnules very light orange yellow in

the basal half, dark reddish orange in the distal half; cirri dull orange ventrally,
somewhat silvery dorsally, with silvery tips.]

Dichrometra doderleini. Light brownish yellow, the ventral perisome every-
where purple.

Lamprometra protectus. (a) Rich purple, with the bases of the arms and a

broad distal band white; pinnules often with yellowish or rusty tips; cirri cream
color dorsally, deep brown ventrally.

(b) Bright green somewhat variegated with brown and white, and with a

broad band of white crossing each arm distal to the middle which is particularly



718 BULLETIN 82, UNITED STATES NATIONAL MUSEUM.

prominent on the oral surface; between this band and the disk are three or four

narrow bands of green ; pinnules, at least distally, with yellow tips.

(c) Green with an obscure yellowish band three-eighths of an inch wide in the

distal part of the proximal third of the arm, and the terminal half inch of the

arm yellow.

(d) Black and white.

[(e) Arms with alternating areas of very light yellow and bright orange yel-

low
; pinnules on the lighter portions of the arms corresponding to the latter, on the

darker partly very light yellow and partly bright orange yellow; centrodorsal

white; cirri light dull violet red ventrally toward the tips, the remainder white.

(/) Deep blood red, lighter on the centrodorsal and on the dorsal surface of

the cirri.

(g) Arms and pinnules alternating white and chocolate, the white shading
into brownish gray; cirri ventrally on the terminal two-thirds chestnut, basally
and dorsally white.

(A) Arms donsally purplish brown, purplish gray and white; pinnules dark

chocolate and white with an occasional purplish tinge; centrodorsal dirty white:

cirri dirty brown, dirty white dorsally at the base, with silver tips; disk dark

chocolate and white.

(i) Arm bases dorsally white, with a row of spots of olive just at the side of

the median line; arms and pinnules ventrally at the base very light orange yellow,
then dull light yellowish green with large blotches of greenish yellow, becoming

lighter toward the pinnule tips, then a narrow area of very light orange yellow,
and the rest blotched with very light orange yellow and very dark greenish yellow ;

elongated proximal pinnules very light orange yellow shading to olive with rings
of the former distally ;

centrodorsal silver with five spots of olive
;
cirri ventrally

in the terminal half dark yellowish green, dorsally and basally very light orange;
disk silvery light dull yellow.

(j) Arms dorsally at the base white with small green spots, toward the middle
and tips becoming dark olive in definite bands, which alternate with white areas,

ventrally alternating olive and white in bands, the olive lighter than on the dorsal

surface; pinnules corresponding to the color of the place of origin, in the olive

areas being transversely banded with olive and white; elongated proximal pinnules
white basally and olive distally, the olive being slightly more extensive dorsally
than ventrally; centrodorsal white with olive spots; cirri ventrally banded with

olive and white, dorsally white, with white tips ; disk mottled olive and white.]

Lamprometra palmata. (a) Black and white.

(I) Purple and yellowish white.

(c) Brown and white.

(d) Light brown and white.

(e) Uniform deep brown.

(/) Predominantly yellow.

Mariametra dclicatis.tima. Dorsally yellowish white with a narrow purple
median line; ventrally light purplish gray.
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Family COLOBOMETRID^E.

[Cenometra unicomis. Arms light brown with very dark brown or black

spots; pinnules silver, with three or four very dark brown rings, wider ventrally
than dorsally, some in the proximal half of the arms entirely very dark brown ven-

trally ;
centrodorsal light brown ;

cirri dark brown, the dorsal half yellowish brown
;

disk gelatinous and transparent (probably regenerating) with oblong spots.]

Cenometra delicata. Deep violet, the cirri, P2 ,
and the dorsal side of the other

pinnules bright yellow.

Cyllometra albopurpurea. (a) Black and white in narrow alternating cross

bands.

(>) Dark purple and yellow in narrow alternating cross bands.

(c) Arms dark purple as far as the last axillary, the remainder of the animal

white.

(d) White, with a broad band of deep purple in the basal third of the arms and
two or three narrower bands distally.

(e) Dull white, spotted more or less thickly with grayish or reddish purple.
Prometra chadwicki. Purplish black, the arms of one specimen regularly

striped with yellow.

Oligometrides adeonce. (a) Very variable, ranging from clear lemon or

canary yellow, with bands or purple marks, through variegated purple and yellow,
or variegated brown and white, to finely variegated shades of gray and white.

(&) Dark red, the terminal segments of the proximal pinnules and the arm

tips with a silver sheen.

Family TROPIOMETRID^E.

Tropiometra afra. Dark purplish brown.

Tropiometra macrodiscus. (a) Shining deep purple.

(b) Bright yellow.

Tropiometra carinata. Golden yellow or orange to somewhat brownish, with

uniform black spots along the sides of the arms and cirri.

Tropiometra picta. (a) Deep purple with large spots of yellowish white on
the sides of the rays.

(b) Varying from a light yellowish brown to a deep violet, with many inter-

mediate shades, specimens being usually banded with lighter and darker colorings,
and seldom of uniform tint.

(c)
" The first specimens of Tropiometra seen appeared to be uniformly dark

purple, purplish brown, reddish brown, or bright brown, but a closer examination

showed that uniform coloring was very rare. Almost always a longitudinal dorsal

stripe on each arm, or transverse bands of more or less width, or both, are present.
The color of these markings is yellow of some shade, often dull and buffy, but not

rarely quite bright. In some individuals the pinnules are also cross banded with

yellow, and the distal pinnules may be uniformly brownish yellow. The cirri are

yellow brown, at least dorsally, but are often more or less dusky or purplish on
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the oral surface; in nearly all individuals, however, both young and old, the

terminal two or three segments (except the claw) have a dusky spot on the oral

side. This marking seems to be very constant in Tobagoan specimens. Occasional

individuals are found in which the pinnules and dorsal side of the arms are

plenteously besprinkled with silvery white, giving them an exceptionally hand-

some appearance.
"All of the small specimens found were brownish yellow or bright brown,

more or less marked and banded with purple, and this general coloration is not

rare in adults, particularly in those found under slabs of rock on Buccoo Reef and

in similar shaded places. Some of these individuals were very handsome in their

brilliant array of purple and gold, and it was hard to believe they were really

identical with the dull-colored specimens from the shallows of Buccoo Bay. A
natural inference from the specimens seen is that (he young are uniformly yellow
or brownish yellow, and that the purple pigment 'develops as they mature, in some
individuals completely obliterating the original color, but usualty appearing simply
as spots, blotches, and cross bands. One could scarcely avoid the impression that

the development of the pigment is associated with life in the open sunlight [as

suggested by the present author in 1908], but there was no chance to secure an

answer to the interesting question which suggests itself: Do the bright-colored
individuals avoid the sun because they lack pigment, or do they lack pigment
because they have never lived exposed to the sun ?

"

Family CALOMETRID^E.

Neometra conaminis. White, with yellow bands on the arms and pinnules,
more rarely on the cirri.

Neometra gorgonia. White, with purple bars and blotches on the pinnules.

Neometra multicolor. (a) Usually a delicate light grayish purple or lavender,

with narrow bands of dull yellow on the arms. The cirri are light lavender,

usually with a narrow band of yellow about the end of each segment.

(b) One specimen is pure white, the arms crossed by a broad deep purple band
near the middle and another near the tip.

Pectinometra ff-avopurpurea. (a) Lavender, the arms crossed by bands of

dull yellow ;
lower pinnules yellow, banded at alternate articulations with purple ;

cirri yellow.

(b) Arms as in the preceding; centrodorsal and division series orange; cirri

purple.

(c) Arms clear yellow, sometimes faintly blotched with light purple; centro-

dorsal and division series orange; cirri deep purple, banded with white.

Gephyrometra propinqua. Reddish and purplish brown, marbled with light

yellow, the dark and the light in about equal proportions; division series and lower

brachials purple, with a median line of white; two or three areas of white with

purple spots distally on the arms.

Gephyromefra versicolor. Rich deep purplish brown, the basal portion of the

arms with a row of lateral yellow spots; division series yellow, transversely banded
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with purplish brown; cirri purplish brown, with the distal half yellow; disk

purplish brown, marbled with yellow in the interambulacral areas.

Calometra discoidea. Bright yellow, the cirri lighter.

Calometra callista. White, a broad band of deep purple in the basal third of

the arms and two or three narrower bands distally.

Calometra separata. Bright yellow, banded with purple; lower brachials

purple ;
cirri deep purple, or purple banded with white.

Family THALASSOMETRID^.

Subfamily PTILOMETRIN^E.

PtUometra macronema. Purple, the cirri red.

Pterometra magnipeda. Brownish yellow.

Pterometra pulch-errima. (a) Bright red, more orange dorsally, with scat-

tered small white spots on the pinnules and cirri.

(b) Yellow brown.

Pterometra venusta. Dark red, the tips of the pinnules white.

Asterometra macropoda. Light brownish yellow, the cirri white.

Asterometra anthus. Dull brownish yellow, the cirri almost white.

Subfamily THALASSOMETRIN^;.

Crotalometra porrecta. Yellow.

Crotalometra flava. Bright yellow.
Oceanometra gigantea. Arms light chocolate, cirri light chrome yellow.
Cosmiometra philippinensis. Bright yellow.
Cosmiometra aster. Bright yellow.

Stenometra diadema. Bright yellow.
Daidalometra arachnoides. Chrome yellow.

Daidalometra hana. Bright yellow, sometimes banded with white
;
cirri white

with a few narrow bands of yellow.
Parametra orion. (a) Bright yellow, usually banded rather narrowly with

white; cirri dull greenish basally, light yellow distally, the colors separated by a

darker band.

(b) Some specimens, more often the larger ones, are grayish, the distal por-
tion of the arms bright yellow.

Parametra fisheri. Arms cadmium orange, darkest on the pinnules; cirri

bright lemon yellow.
Lissometra albofava. Light yellow banded with white; cirri white.

Aglaomctra propinqua. Yellow.

Aglaometra eupedata. Bright yellow, the cirri lighter.

Thalassometra villosa. Light yellow.
Thalassometra lusitanica. Bright yellow to brownish yellow.
Thalassometra omissa. Bright yellow.
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Family CHARITOMETRID^E.

Perissometra lata. Yellowish brown.

Pachylometra levigata. Yellow.

Calyptometra lateral-is. Arms ocher yellow ;
cirri clear lemon yellow.

Poscilometra scalans. Yellowish brown.

Chlorometra garrettiana. Dull yellowish white.

Strotometra hepburniana. Bright yellow.

Family ANTEDONID^E.

Subfamily ANTEDONIN^E.

Antedon petasus. (a) Red (varying from bright red to brown red) ;
the

cirri white.

(b) Banded red and white.

(c) Almost uniform red, with the basal portion and ends of the arms white.

(d) Almost uniform white, with the basal portion and ends of the arms red.

Antedon bifida. (a) Deep purple.

(b) Uniform deep reddish purple.

(c) Rich brown.

(d) Reddish tawny.

(e) Rich damask (especiallj' during the breeding eeason).

(/) Crimson.

(ff) Red carmine.

(h) Coarse red.

(z) Scarlet.

(j) Vermillion.

(k) Deep rose.

(I) Rose.

(m) Rich orange.

(n) Orange.

(o) Yellow.

(p) Mottled, or mottled and spotted.

(q) Red, variegated with white on portions of the disk and arms.

(r) Clouded and spotted with rose, orange, and yellow.

(s) Rich orange variegated with crimson.

(t) Rich orange variegated with white.

(u) Rich orange variegated with bright sulphur yellow.
In the prcbnichial or cystid stage the interior of the calyx is occupied by a

reddish brown visceral mass obscurely visible through the translucent walls.

In the fully grown pentad-moid, according to Dr. W. B. Carpenter, the body
and arms usually possess a decided color, which is sometimes sulphur yellow, some-

time light crimson, sometimes an intermixture of both hues. This is usually
more pronounced in the arms than in the body, and is entirely due to the develop-
ment of pigmentary matter in the pyriform vesicles.
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Very young comatulids retain the original sulphur yellow color toward the

ends of the arms, the proximal portion of the arms and the body assuming the

characteristic red of the adults.

According to Hassall, the markings and coloring of young specimens are very
beautiful and delicate, very different from the coarse red which distinguishes them
when mature.

Antedon mediterranea. (a) Chocolate brown (recorded from Naples).

(6) Carmine.

(c) Bed.

(d) Orange.

(e) Chrome yellow.

(/) Bright yellow.

(g) Gray.

(h) Red, with gray or white spots (the only color type recorded from Villa-

franca).

(i) Orange, with gray or white spots.

Antedon adriatica. (a) Brownish.

(6) Purple red.

(c) Red (the majority) .

(d) Yellow.

(e) Sulphur yellow.

(/) Red, of various hues, spotted with lighter.

(g) Sulphur yellow, banded with white.

Toxometra paupera. (a) Uniform dark purple.

(&) Brownish yellow, with the perisome dark brown.

Iridometra melpomene. Light yellow brown, the sides of the arms and of

the division series and the cirri white, the perisome dark purple.
Eumetra chamberlaini. Brownish yellow, the cirri and pinnules blotched with

purple.
Dorometra mauritiana. Grayish green spotted with white.

Dorometra nana. (a) Dull green, spotted and blotched with white.

(b) Purplish black with light brown cirri.

[(c) Dark chocolate, with markings of very light chestnut on the cirri and

disk, and the tips of the pinnules very light chestnut, especially near the ends of

the arms.]
Dorometra briseis. Light yellowish brown, with broad bands of darker yellow

brown on the arms.

Annametra occidentalis. Uniform brownish yellow with olive green spots.

Subfamily THYSANOMETRINjE.

Thysanometra tenelloides. Grayish brown, the dorsal surface and the cirri

nearly white.
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Subfamily ZENOMETRIKdE.

Sarametra triserialis. Deep purple-vinaceous, the calyx and arm bases

brownish.

Psathyrometra erythrizon. Rather dark dull purple.

Psathyrometra fragilis. Light purplish brown.

Balanometra elongata. Arms purple, with a broad median line of white;

pinnules and cirri white; centrodorsal purple.

Leptometra celtica. Green.

Leptomctra phalangium. (a) White.

(b) Green.

Subfamily PEROMETEIN^E.

Perometra diomedete. Rich reddish purple, spotted and blotched with white
;

division series and lower brachials white, the synarthrial tubercles purple, the divi-

sion series with narrow purple transverse lines
;
cirri white, banded with purple.

Young examples are lighter in color, veiy small ones being nearly all white.

Erythrometra australis. Pale orange and yellow.

Erythrometra ruber. Salmon red, the pinnules yellow, the cirri white.

Nanometra bowersi, (a) Brownish yellow, the dorsal surface and the cirri

nearly white.

(b) Light yellow.

Subfamily HELIOMETRIN.E.

Heliometra glacialis. (a) Arms brownish, the pinnules orange yellow.

(b) Bright yellow, the basal part of the cirri ventrally and the arm bases

and pinnules dorsally washed with reddish purple.

(c) Bright yellow.

(d) Yellowish white.

Promachocrinus kerguclensis. (a) Violet.

(b) Golden yellow.
b lorometra asperrima. Yellow, the cirri whitish.

Florometra serratissima. Yellow, the cirri whitish.

Florometra perplexa. Yellow or brownish yellow, the cirri whitish.

Florometra marice. Clear yellow, the cirri lighter.

Florometra laodice. (a) Bright yellow.

(b) Lemon yellow; the cirri lighter.

Cyclometra clio. Light yellow banded with white, the cirri white with occa-

sional narrow bands of yellow.

Subfamily BATHYMETRIN).

Hathrometra proUxa. Arms brownish yellow, pinnules, with the gonads, yel-

lowish red. disk light brown, cirri white.

Hathrometra tenella. Dark green dotted with white, the disk grayish, the

cirri white.
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Hathrometra sarsii. Lively light grayish brown, with narrow darker bands.

Tricfi&metra vexator. Yellow.

Trichometra isis. Yellowish brown, the dorsal surface and cirri lighter.

Thaumatometra tenuis. (a) Light purplish brown, lighter dorsally; cirri

nearly white.

(b) Light yellow brown (young).

Family PENTAMETROCRINID^E.

Thaumatocrinus borealis. Purplish brown, dorsally nearly white; disk black.

'Pentametrocrinus varians. Dull purplish brown, the dorsal surface and the

cirri nearly white, the disk black.

Pentamctrocrinus japonicus. Practically the same as P. varians.

Pentam-etrocrinus diomedem. Not distinguishable from P. japonicus.
In addition to the definite records given above the colors of a number of un-

determined comatulids have been recorded.

Leach in 1815 gave a colored figure of his Alecto horrida.

Savile-Kent says that the variety of hues exhibited by the Barrier Reef species

are legion, running through every gradation of tint from pale yellow to rose-pink,

deep crimson and black, and including every conceivable intermixture of those

colors. One especially handsome form obtained at Thursday Island had its fern-

like arms resplendent with shades of old gold and bronze green. He gives two

colored figures.

Captain Parfait records sulphur yellow comatulids from latitude 33 47' N.,

longitude 11 23' E., in 1,635 meters (probabaly Thalassometrinae).
Professor Nutting says that on the " Pentacrinus grounds

"
off Habana bright

yellow comatulids were fairly abundant, and white or nearly white ones were also

secured. It occurred to him that Lieutenant-Commander Sigsbee may have had
these in mind when giving the colors of the pentacrinites.

The same author states that at Barbados the masses of coral rock within which

he found comatulids were often brilliantly colored by the assemblage of corallines,

sponges, and gorgonians with which they were overgrown. The predominating
colors of these were red and yellow, and these were the predominating colors of the

comatulids also.

He mentions the following colors as occurring among the comatulids at Bar-

bados: yellow and white, yellow and red, purple and white, black arms with yel-

lowish pinnules, rich deep vermillion with bright yellow pinnules, lemon yellow
with the dorsal surface of the arms black, grayish, violet, crimson, black with

greenish yellow arms, magenta with dark yellowish arms, and dark gray, almost

black, with whitish cirr1

'.. The species represented were Nemaster iowensis, Nemas-
ter discoidea, Leptonemaster venustus, Comactinia meridionalis, Analcidometra

armata, and Coccometra hagenii.

Speaking of the coloration of the deep-sea animals dredged between Central

America and the Galapagos Islands, Mr. Alexander Agassiz said that there are a

number of forms in which yellows prevail, as, for instance, in the comatulids
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(Florometrd) and in CaZamocrinus, the yellow in the latter passing to a greenish

tinge, in the comatulids to a reddish tinge, or even to brilliant red as the principal

tint.

Professor Chun records the discovery of a sulphur yellow Pentametrocrinus off

the coast of Somaliland, in 1,289 meters.

For purposes of comparison the coloration in life of the stalked crinoids is

given ;
but these are not considered in the discussion following.

Family HOLOPODID^.

IIolopus rangii. Whitish.

Family PENTACRINITIDJE.

Metacrinus acutus. Grayish green.

Metacrinus angulatus. Light yellow or light reddish orange, the column al-

most white.

Metacrinus cingulatus. Light yellow or light reddish orange, the column al-

most white.

Metacrinus costatus. Uniform dusky purple.

Metacrinus moseleyi. Uniform dusky purple.

Metacrinus nobilis. (a) Light yellow or light reddish orange, the column al-

most white.

(b) Deep sea green, the pinnules slightly lighter, the cirri still lighter and

more grayish.

(c) Young examples are nearly white.

Metacrinus nobilis sumatranus. Brownish white.

Metacrinus nodosus. Uniform dusky purple.

Metacrinus rotundus. Sea green, the crown usually brown, often with nearly
white bands across the arms.

Metacrinus varians. Uniform dusky purple.
Metacrinus wyvillii. Uniform dusky purple.
Isocrinus decorus. (a) Purple.

(I) Yellow.

(c) White.

Endoxocrinus wyvilletkomsoni. (a) Dark green.

(6) Grass green.

Endoxocrinus alternicirrus. Slightly brownish white.

Comastrocrinus asper. Olive green.

Ilypalocrinus lutresianm. (a) Dark olive green.

(ft) Pink.

Isocrinus decorus and Endoxocrinus parm-. Regarding these two species as

brought up together by the dredge and tangles, Sigsbee wrote that some were white,
some purple, some yellow ; the latter was the color of the smaller and more delicate

ones. From color notes taken shortly after the animals were placed in alcohol,
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Rathbun said that the color varies greatly; nearly half the specimens have a tinge
of green, varying to bluish, this color being sometimes very light, at others dark;

many specimens were very light purplish, purplish white or yellowish white
; light

shades of brown and gray also occurred, and several varieties of coloring may be

found on the same specimen ;
the arm bases and calyx are generally darker than

the rest of the body, being often of a dark olive color. He remarked that Endoxo-
crinus parrot retains more of its natural color in alcohol than Isocrinus decorus.

Professor Nutting found none that were either white or yellow, all being of some
shade of light brown, usually wllth a purplish or violet tinge, and sometimes ap-

proaching a flesh color.

Family PHRYNOCRINIDJE.

Phrynocrinus nudus. Dull greenish yellow.

Family BOURGUETICRINID^E.

Bathycrinus pacificus. Very light yellow.

Ilycrinus carpenteri. Beautiful straw yellow throughout, the root being a

little darker than the rest of the column. The crown is, perhaps, a little paler ;
but

when the sexual organs contain the sexual products the pinnules are much darker.

Rhizocrinus lofotensis. (a) Clear grayish brown.

(6) Clear grayish yellow.

(c) Whitish gray.
Democrinus rawsonii. (a) Whitish.

(b) Column grayish yellow; arm tips and pinnules lemon yellow.
A brownish species of Rhizocrinus or Bythncri/nufi has been mentioned by

Professor Nutting, and Mr. Alexander Agassiz snys that ^Rhizocrinus lofotemis
n

(probably a species of Bythocrinus) when alive is brownish chestnut, varying from

that to a dirty white.

Family APIOCRINIDJE.

Proisocrinus ruberrimus. Brilliant uniform scarlet.

Family PLICATOCRINID^E.

Calamocrinus diomedo'. Brilliant lemon yellow, with a greenish tinge on the

sides of the arms and along the ambiilacral grooves.

Ptilocrinus pinnatus. Bright yellow.
Ptilocrinus antarcticus. Bright yellow.

Gephyrocrinus grimaldii. Yellow.

Thalassocrinus pontifer. Pale sulphur yellow, the lower end of the column

becoming brownish.

SUMMARY.

Among the comatulids we have 213 records of the living colors, of which the

present author is responsible, directly and indirectly, for 109. These records refer

to 130 species, and of these the author has handled living specimens of 49.

142140 21 Bull. 82 48
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The colors of living crinoids have not only as a rule been recorded under

conditions preventing an accurate color analysis, but also by observers not trained

in color work, so that the names of the colors as given are in many cases to be

regarded as somewhat indefinite. This is especially true in the case of the differen-

tiation between red and purple, purple and violet, and violet and black.

As over 100 hues are mentioned, it seems advisable to simplify matters by
reducing the list to reasonable limits through a combination of the colors as

recorded under 10 readily differentiated heads, as follows :

Yellow, including yellowish white, cream, clear yellow, lemon yellow, yellow,

yellowish, brilliant yellow, light yellow, sulphur yellow, dull yellow, gold, golden

yellow, canary yellow, ocher yellow, light chrome yellow, chrome yellow, greenish

yellow, and brownish yellow.

Orange, including orange yellow, orange, rich orange, cadmium, orange, buffy,

yellowish red, orange red, and rusty red.

Red, including rose, rose red, flesh pink, red, bright red, vermillion, scarlet,

deep rose, coarse red, dull red, crimson, dark red, red carmine, purple red, salmon

red, rich damask, reddish tawny, brown red, and red brown.

Purple, including reddish purple, deep red purple, purple vinaceous, purple,
rich purple, purplish gray, grayish purple, dull purple, deep purple, dark purple,
and maroon.

Violet, including violet white, violet, red violet, deep violet, dark violet, violet

brown, and purplish black.

Black.

White, including whitish, silver}' white, and white.

Gray, including grayish white, silver, and lavender.

Green, including yellowish green, grayish green, greenish, bright green, green,
dull green, dark green, olive green, dull olive green, greenish brown, and greenish
black.

Brown, including yellow brown, bright yellow brown, grayish brown, brownish,

golden brown, light grayish brown, light purplish brown, purplish brown, light

brown, bright brown, brown, light chocolate, chocolate brown, rich brown, dark

brown, deep brown, and deep olive brown.

The following species are entirely yellow :

Comatella decora. Pterometra magnipeda.
Comissia hispida. Asterometra maeropoda.

Capillaster maria;. Axterometra anthus.

Comaster fruticosuv. Crotalometra porrecta.
Comaster serrata. Crotalometra flava.

Comanthina schlcgelii. Gosmismetra phHippinensis.
fiomanthus annulata. Cosmiometra outer.

Catoptometra hartlaubi, young. Stenometra diadema.

Oxymetra aranea. Daidalometra arachnoides.

Lamprometra palinata. Daidalometra hana.

Calomctra dwcoiilfa. Parametra orion.
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Aglaometra propinqua.

Aglaometra eupedata.
Thalassometra viJlosa.

Thalassometra lusitanica.

Thalassometra oniissa.

Pachylometra levigata.

Calyptometra lateralis.

Cldorometra garrettiana.

Strotometra hepbumiana.
Antedon bifida.

Antedon mediterranea.

Antedon adriatica.

Toxometra paupera.
Nanometra bowersi.

ffeliometra glacialis.

Promachocrinus kerguelensis.

Florometra asperrima.
Florometra serratissima.

Florometra perplexa.
Florometra marice.

Florometra laodice.

Trichometra vexator.

Pcntametrocrinus, sp.

The following species are entirely brown :

CapUlaster multiradiata.

Nemaster iowensis.

Comissia horridus.

Comanthus annulata.

Comanthus parvicirra.

Catoptometra hartlaubi.

Pontiometra andersoni.

Lamprometra palmata.

Tropiometra afra.

Tropiometra picta.

Pterometra pulcherrima.
Oceanometra gigantea.

The following species are entirely purple

Comatula rotalaria.

Comatula purpurea.
Comanthus parvicirra.

Stephanometra echinus.

Stephanometra spicata.

The following species are entirely red :

Comatulella brachiolata.

Heterometra crenvlata.

Zygometra punctata.

Tropiometra picta.

The following species are entirely green :

Comissia, peregrina.

Comissia scitulus.

Comanthus annulata.

Perissometra lata.

Pcecilometra scalaris.

Antedon mediterranea.

Antedon adriatica.

Tkysanometra tenelloides.

Psathyrometra fragilis.

Trichometra isi$.

Thaumatometra tennis.

Tkaumatocrinus borealis.

Pentametrocrinus varians.

Pentaanetrocrinus japon.icus.

Pentametrocrinus diomedew.

Tropiometra picta.

Antedon bifida.

Toxometra paupera.
Sarametra triserialis.

Psathyrometra erythrizon.

Antedon petasus.

Antedon bifida.

Antedon mediterranea.

Antedon adriatica.

Comanthus parvicirra.

Catoptometra opMura.

Leptometra celtica.

Leptometra phalangium.
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The following species are entirely violet :

Comatula rotalaria. Tropiometra picta.

Himerometra magnipinna. Dorometra nana.

Prometra chadwicki. Promachoc-rinus kerguelensis.

The following species are entirely orange :

Comanthus parvicirra^ Parametra fisheri.

Parametra crassici.rra. Antedon bifida.

Antedon mediterranea.

The following species are entirely black :

Comatella nigra. Comanthus cmnulata.

Heterometra bengalensis.

The following species is entirely gray : Antedon mediterranea.

Yellow occurs in combination in the following species :

Comatella nigra. Cenometra delicata.

Capillaster clarki. Cyllometra albopurpurea.
Comissia lutkeni. Prometra chadwicki.

Comaster parva, Oligometrides adeonw.

Comaster minima. Tropiometra picta.

Comantheria briareus. Neometra conaminis.

Comanthus solaster. Neometra multicolor.

Comanthus annulata. Pectinometra ftavopurpurea.
Comanthus parvicirra. Gephyrometra versicolor.

Zygometra punctata. Gephyrometra propinqua.

Catoptometra magnifica. Calometra separata.

fCatoptometra ophiura. Oceanometra gigantea.

Catoptometra rubroftava. Daidalometra hana*

Heterometra, crenulata. Parametra orion.

Heterometra savignii. Lissometra alboflava.

Amphimetra discoideo.. Antedon bifida.

Homalometra denticulata. Antedon adriatica.

Dichrometra ddderleini. Eumetra cfiamberlaini.

Lamprometra protectus. Dorometra briseis.

Lamprometra palmata. Erythrometra ruber.

Mariametra delicatissiina. Hathromttra prolvca.

Ileliometra glacialis.

White occurs in combination in the following species :

Capillaster multirad-iata. Heterometra savignii.

Capillaxter clarki. Heterometra crenulata.

Comantheria briareus. Amphimetra discoidea.

Comanthus parvifirra. T^amprometra protect'tin.

Zj/gometra microdificus, young. Lamprometra palmata.

Zygometra pristina. Cyllometra albopurpurea.
Ili'terometra affinis. Oligometrides
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Neometra canaminis. Lissometra alboflava.

Neometra gorgonia. Antedon petasus.

Neometra multicolor. Antedon bifida.

Pectinometra ftavopurpurea. Antedon mediterranea.

Gephyrometra propinqua. Antedon adriatica.

Calometra callista. Iridometra melpomene.
Calometra separata. Dorometra mauritiana.

Pterometra pulcherrima. Dorometra nana.

Pterometra venusta. Balanometra elongata,

Daidalometra hana, Perometra diomedete.

Parametra orion. Erythrometra ruber.

Hathrometra tenella.

Purple occurs in combination in the following species :

Capillaster m.ultiradiata. Neometra multicolor.

Comanthus solaster. Pectinometra favopurpurea.

Zygometra microdiscus, young. Calometra callista.

Zygometra punctata. Gephyrometra propinqua.
Heterometra savignii. Gephyrometra versicolor.

Dichrometra dodcrleini. Calometra separata.

Lamprometra protectus. Ptilometra macronema.

Lamprometra palmata. Iridometra melpomene.
Mariametra delicatissima. Eumetra chamberlaini.

Oligometrides adeonce. Perometra diomedcce.

Tropiometra picta. Balanometra elo-ngata.

Neometra gorgonia. Heliometra glacialis.

Keel occurs in combination in the following species :

Comatella nigra. Lamprometra protects.
Comantheria briareus. Oligometrides adeonce.

Comanthus annulata. Tropiometra picta.

Comanthus parvicirra. Gephyrometra propinqua.

Zygometra microdiscus, young. Pterometra pulcherrima.

Catoptometra magnifica. Pterometra venusta.

fCatoptometra ophiura. Ptilometra macronema.

Catoptometra rubroftava. Antedon petasus.

Heterometra nematodon. Antedon bifida.

Heterometra crenulata. Antedon mediterranea.

Erythrometra ruber.

Brown occurs in combination in the following species :

Comaster minima. Oligometrides adeonce.

Comaster parvus. Tropiometra picta.

Comanthus parvicirra. Oceanometra gigantea.

Heterometra savignii. Iridometra melpomene.

Amphimetra discoidea. Dorometra briseis.

Lamprometra protectus. Heliometra glacialis.
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Violet occurs in combination in the following species:

Comatella steUigera. Heterometra savignii.

Zygometra microdiscus, young. Amphimetra discoidea.

Zygometra pristina. Lamprometra protectus.

Heterometra nematodon. fLamprometra palmata.
Heterometra affinis. Cenometra delicata.

Heterometra crenulata. Cyllometra albppurpurea.
Prometra chadwicki.

Green occurs in combination in the following species :

Comatella steUigera. Comanthus parvicirra.

CapUlaster clarki. Lamprometra protectus.
Comissia peregrina. Dorometra mauritiana.

Comixxia lutkeni. Dorometra nana.

Comantheria briareus. Hathrometra tenella.

Orange occurs in combination in the following species :

Stephanometra spicata. Antedon mediterranea.

Pectinometra flavopurpurea. Antedon adriatica.

Pterometra pulcherrima. Ileliometra glacialis.

Antedon biftda. Hathrometra prolixa.

Gray occurs in combination in the following species :

Homalometra denticulata. Pectinometra fta-vopurpurea.

Oligometrides adeonce. Parametra orion.

Neometra multicolor. Antedon mediterranea.

Black occurs in combination in the following species :

Comaster parvus. Lamprometra protectus.
Comantheria briareua. Lamprometra palmata.

Cyllometra albopurpurea.

In the following species but one color occurs, which, however, is variegated
with lighter and darker shades:

Orange : Stephanometra spicata.

Red: Antedon bifida, Antedon mediterranea, Antedon adriatica.

Brown : Dorometra briseis, Hathrometra sarsii.

In the following species two colors occur :

Yellow and purple :

Comanthus solaater. Oligometrides adeonce.

Zygometra punctata. Calometra separata.
Dichrometra doderlcini. Tropiometra picta.

Lamprometra palmata. Eumetra chamberlaini.

Cyllometra albopurpurea. Ileliometra glacialis.

Yellow and red :

Comatella. nigra. fCatoptometra ophiura.
Comant.'hus annulfita. Catoptometra rubroflava.

Catoptometra magnifica. Tropiometra picta.

Erythrometra ruber.
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White and red :

Comanthus parvicirra. Pterometra venusta.

Heterometra crenulata. Antedon petasus.

Oligometrides adeonce. Antedon bifida.

Antedon mediterranea.

White and violet :

Zygometra microdiscus, young. Amphimetra discoidea.

Zygometra pristina. Lamprometra protectus.

Heterometra affinis. '/Lampro-metra palmata.

Cyllometra albopurpurea.

White and purple :

Capillaster multiradwta. Neometra multicolor.

Heterometra savignii. Calomctra callista.

Neometra gorgonia. Perometra diomedece.

Balanometra elongata.

White and yellow :

Neometra conaminis. Lissometra alboftava.

Daidalometra hana. Antedon adriatica.

Parametra orion. Cyclometra olio.

Yellow and brown :

Comaster minima. Tropiometra picta.

Comanthus parvicirra. Gephyrometra versicolor.

Amphimetra discoidea. Oceanometra gigantea.

Yellow and violet :

IIetero-metra crenulata. Cenometra delicata.

Heterometra savignii. Prometra chadivicki.

Yellow and gray :

Homalometra denticulata. Pectinometra ftavopurpurea.

Neometra multicolor. Parametra orion.

White and brown :

Heterametra savignii. Lamprometra palmata.

Oligometrides adeonce.

White and green :

Capillaster clarki. Dorometra mauritiana.

Hathrometra tenelta. Dorometra nana.

White and black :

Lamprometra protectus, Lamprometra palmata, Cyllometra albopurpurea

Yellow and black : Comaster parvus, Comantheria briareus.

Yellow and green : Comissm Kitkeni, Lamprometra protectus.

Yellow and orange: Antedon bifida, Hathrometra prolixa.

Orange and white : Antedon bifida, Antedon mediterranea.
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Bed and violet: Heterometra nematodon, Heterometra crenulata.

Red and purple : Ptilometra maeronema.
Red and orange: Antedon bifida.

Red and gray : Antedon mediterranea.

Green and violet : Comatella stelligera.

Green and brown: Comanthus parvicirra.
Brown and orange : Heliome.tra glacialis.

Orange and gray: Antedon mediterranea.

Gray and white : Oligometrides adeonce.

In the following species three colors occur :

Yellow, red, and green : Comantheria briareus.

Yellow, red, and orange: Antedon bifida.

Yellow, purple, and white : Lamprometra protectus.

Yellow, purple, and violet : Mariametra delicatissima.

Red, white, and orange : Pterometra pulcherrima.

Red, white, and violet : Zygometra microdiscus, young.
Brown, white, and purple : Iridometra melpomene.
In the following species four colors occur :

Yellow, orange, white, and purple : Pectinometra flavopurpurea.

Yellow, brown, green, and white: Lamprometra protectus.

Yellow, brown, purple, and white : Lamprometra protectus.

Red, brown, purple, and white : Lamprometra protectus.

In the following species five colors occur :

Yellow, red, brown, purple, and white: Gephyrometra propinqua.
Thus white occurs in combination with

yellow, orange, red, purple, violet, black, gray, green, brown.

Yellow occurs in combination with

white, orange, red. purple, violet, black, gray, brown, green.

Orange occurs in combination with

white, yellow, red, purple, gray, brown.

Red occurs in combination with

white, yellow, orange, purple, violet, gray, green, brown.

Purple occurs in combination with

white, yellow, orange, red, violet, brown.

Violet occurs in combination with

white, yellow, red, purple, green.
Black occurs in combination with

white, yellow.

Gray occurs in combination with

white, yellow, orange, red.

Green occurs in combination with

white, yellow, orange, red, violet, brown.
And brown occurs in combination with

white, yellow, orange, purple, green.
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Expressing the above in different form it appears from the data at hand that,

while white and yellow occur in all possible combinations, orange does not occur

with violet, black, or green; red does not occur with black; purple does not occur

with black, gray, or green ;
violet does not occur with orange, black, gray, or brown ;

black does not occur with orange, red, purple, violet, gray, green, or brown; gray
does not occur with purple, violet, black, green, or brown

; green does not occur

with purple, black, or gray; artd brown does not occur with red, violet, black,

or gray.
It is of course true that this apparent incompatibility of colors is partly due

to a lack of observations and to a misinterpretation of the colors as recorded, and

the list must therefore be accepted with considerable reservation.

In particolored coniatulids the distribution of the colors on the arms and pin-

nules falls into several well-marked types, which may be arranged as follows :

I. Arms and pinnules uniform in color :

(a) Arms and pinnules uniform in color, but differing in color from the cirri :

Lamprometra protectus. Antedon biftda.

Pectinometra ftavopurpurea. Antedon mediterranea.

Ptilometra macronema. Antedon adriatica.

(b) Arms and pinnules uniform in color, but the ventral and dorsal surface

of different colors :

Comatella nigra. Htterometra nematodon.

Capillaster multiradiata. Amphimetra discoldea.
Dichrometra ddderleini.

II. Pinnules of a different color from that of the arms :

(a) The distal portion of the pinnules (and usually also the arm tips) is of

a different color from that of the proximal portion and the arms :

Comastef parvus. Lamprometra protectus.

Comantheria briareus. Cenometra delicata.

Comanthus parvicirra. Oligometrides adeonce.

Zygometra punctata. Pterometra venusta.
Parametra orion.

(b) All of the pinnules are of a color different from that of the arms:

Comissa liitkeni. Bcdanometra elongata.
Comanthus solaster. Heliometra glaciali-s.

Comanthus parvicirra. Erythrometra ruber.
Hathrometra prolixa.

III. Arms and pinnules irregularly spotted, mottled, and blotched :

Zygometra microdiscus, young. Neometra gorgonia.
Heterometra samgnii. Antedon bifida.

Heterometra crenulata. Antedon mediterranea.

Lamprometra palmata. Antedon adriatica.

Cyllometra albopurpurea. Dorometra mauritiana.

Oligometrides adeonce. Dorometra nana.

Tropiometra picta. Eumetra chamberlaini.

Gepliyrometra propinqua. Perometra diomedece.
Hathrometra ienella.
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IV. Arms with more or less regular and uniform spots :

(a) Spots confined to the division series and arm bases :

Tropiometra pifta. Gephyrometra versicol-or.

(b) Numerous small spots generally distributed:

Capillaster multiradiata. Zygometra microdiscus, young.

Capillaster clarki. Heterometra crenulata.

C'omantheria briareus. Pterometra pulcherrima.
Antedon mediterranea.

V. Arms with a median dorsal stripe :

(a) A broad median stripe, lighter or darker than the color on either side, of it :

Comantheria briareus. Gephyrometra propinqua.

Tropiometra picta. Iridometra melpomene.
Balanometra elongata.

(b) A narrow median stripe, always very dark:

Comaster minima. Oligometrides adeonce.

Mariametra delicatissima.

VI. Arms conspicuously and regularly cross banded:

(a) With several more or less irregular broad bands :

Zygometra microdiscus, young. Calometra separata. Dorometra briseis.

(b) With a broad approximately central band:

Comatella stelligera. Lamprometra protectus.

Capillaster multiradiata. Neometra multicolor.

Stephanometra spicata. Calometra callista.

Antedon petasus.

(c) With broad alternating bands of equal width :

Capillaster multiradiata. Catoptometra magnifica.

Comantheria briareus. fCatoptnmetra ophiura.

Heterometra savignii. Catoptometra rubroflava.

(d) With narrow alternating bands of equal width :

lleterometra crenulata. Neometra multicolor.

Heterometra affinis. Pectinometra flavopurpurea.
Homalometra denticulata. Daidalome.tra hana.

Lamprometra protectus. Parametra orion.

fLamprometra palmata. Lissometra alboflava.

Cyllometr'i albopurpurea. Antedon petasus.

Neometra conaminis. Antedon adriatica.

Cyclometra clio.

(e) With narrow well-spaced bands:

Prometra chadwicki. Hathroinetra sarsii. Tropiometra pifta.
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From a cursory examination of preserved specimens it is evident that many
additional species of which no color notes have been taken can be assigned to one

or other of the classes given above, and also that specimens of a number of littoral

species, chiefly belonging to the Stephanometridse, occur in which each brachial

bears a dark transverse band. The coloration of preserved specimens will be dis-

cussed later.

As a general rule the coloration of the pinnules follows that of the arms, but

occasionally an abruptly different type is found :

I. Pinnules banded on each segment :

Capillaster clarki. Pectmometra flavopurpurea.
This color type is found in a number of species as preserved, and in at least

one case is a good specific character.

The cirri are usually unicolor, less commonly dull at the base, becoming grad-

ually or abruptly brighter distally, and rarely show distinctive color types; when
this occurs the color types are usually a reflection of the color types of the division

series and arm bases, very rarely distinctive (Type I).

Particolored cirri, except those which are merely brighter distally, as in the

case of the cirri of most of the species of Thalassometrinse, fall into the follow-

ing classes :

I. Each cirrus segment with a transverse band :

Zygometra microdiscus, young. Heterometra nematodon.

Zygometra punctata. Neometra multicolor.

Calometra separata.

II. Cirri unicolor, but of a color not found in the calyx or arms :

Zygometra pristina. PtUometra macronema.

Lamprometra protectus. Oceanometra gigantea.
Antedon petasus.

III. Cirri blotched or spotted :

(a) Cirri with irregular blotches or irregular bands:

Comissia peregrina. Calometra separata.

Comissia lutkeni. Daidalometra hana.

Pectinometra flaropurpurea. Eumetra ckamberlaini.

Neometra conaminis. Perometra diomedece.

Cyclometra clio.

(b) Cirri with small spots: Pterometra pulcherrima.
IV. Cirri longitudinally striped :

Lamprometra protectus. Heliometra gladalix.

Longitudinal striping is characteristic of the cirri of a number of species of

which no color notes have been taken.

The very young pentacrinoid is semiopaque. white or whitish, with the reddish

brown visceral mass obscurely visible through the body wall. The first color to be

assumed is usually yellowish white or yellow, and in Antedon bifida as the animal
increases in size the body and the proximal portion of the arms gradually assume
the characteristic red of the adults, while the distal portion of the arms remains

sulphur yellow.
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This suggests that in Antedon we have a definite sequence of colors, from

white through yellow to red, and later to reddish purple and purple, or to reddish

brown and brown. But in certain other genera we find no such definite sequence

of colors indicated; the very young apparently may develop almost any color

directly from the white without passing through an intermediate hue.

This naturally suggests that it would be interesting to trace, so far as is

possible, the development of one color from another, and thus to 'determine their

relative ontogenetical and phylogenetical significance.

The regional distribution of the colors on the body of the adults offers a basis

for such a study.
It is noticeable in the comatulids that the tips of the arms and of the outer

pinnules, and the cirri, are usually less highly colored than the remaining portions

of the animal, resembling in this respect regenerating arms.

It is reasonable to suppose that the color of the growing tip of the arm, which

subsequently changes to the color of the earlier portion, represents a color phase

through which the latter normally passes; in other words, that the general color

of the animal is evolved through the color of the arm tips and of the tips of the

distal pinnules.

The cirri are organs of very slow growth, and in unicolor species it is quite

evident that the pigment develops much more slowly in the cirri than elsewhere.

It is possible to assume, therefore, that the color of the cirri represents a stage

through which the general color of the animal has passed; also it is possible to

suppose that in the numerous cirri in which the outer portion is 'differently colored

from the basal part the color of the latter, which is more highly developed, was

derived through that of the former.

From the records given we deduce the following :

White arm and pinnule tips occur with the following colors :

Red (2 cases). Purple (1 case).

White cirri occur with the following colors :

Yellow (8 cases). Purple (3 cases). Orange (1 case).

Brown (5 cases). Red (2 cases). Violet (1 case).

Green (1 case).

Yellow arm and pinnule tips occur with the following colors :

Purple (3 cases). Black (1 case). Red (1 case).
Green (2 cases). Brown (1 case). Gray (1 case).

Violet (1 case).
Yellow cirri occur with the following colors:

Darker yellow (6 cases). Orange (1 case). Gray (1 case).

Purple (2 cases). Green (1 case). Brown (1 case).

Orange arm and pinnule tips occur with the following color :

Brown (1 case).

Orange cirri occur with the following color combination:
Red and yellow (1 case).

Red arm and pinnule tips occur with the following colors:

Yellow (1 case). Purple (1 case). Violet (1 case). Green (1 case).
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Red cirri occur with the following color :

Purple (2 cases).
Green arm and pinnule tips occur with the following color :

Brown (2 cases).
Brown cirri occur with the following color:

Violet (1 case).
Yellow distal cirrus segments occur on basal segments which are

Purple, green, brown.

This gives us the following data :

Yellow is developed from (1) white in 8 cases;

(2) lighter yellow in 6 cases;

(3) red in 1 case.

Orange is developed from (1) white in 1 case;

(2) yellow in 1 case.

Red is developed from (1) white in 4 cases;

(2) yellow in 1 case.

Purple is developed from ( 1 ) yellow in 6 cases
;

(2) white in 4 cases;

(3) red in 3 cases.

Violet is developed from (1) white in 1 case;

(2) yellow in 1 case;

(3) red in 1 case;

(4) brown in 1 case.

Black is developed from (1) yellow in 1 case.

Gray is developed from (1) yellow in 2 cases.

Green is developed from (1) yellow in 4 cases;

(2) brown in 2 cases
;

(3) white in 1 case;

(4) red in 1 case.

Brown is developed from (1) white in 5 cases;

(2) yellow in 3 cases;

(3) orange in 1 case.

Or, expressed in the form of a table with the primary colors in columns and
the derived colors listed vertically :
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This would seem to indicate that all colors except gray and black may arise

directly from white; and that yellow, red, and brown usually arise directly from

white, while violet arises as often from white as from any other color.

All colors may develop ( ?secondarily through white) from yellow; gray and
black arise only from yellow; and purple and green arise more frequently from

yellow than from any other color.

Red frequently develops ( ?from white through yellow) into purple, and occa-

sionally into yellow, violet, and green.
Brown develops into green and, less frequently, into violet.

Orange develops into brown.

It is worthy of mention that in Catoptometra rubroflava the cirri are

orange a color intermediate between the bright red and bright yellow of the arm
bands.

The relative frequency of the different colors is shown in the following table :

Yellow occurs In a total of 88 species ; alone in 45 ; combined in 43.

alone in 0;

alone in 24;

alone in 10;

alone in 8 ;

alone in

alone in

alone in

alone in

alone in

At a depth of 55 fathoms in the sea the relative proportion of the red rays

is considerably diminished, and at 300 fathoms they have almost completely dis-

appeared. In a discussion of colors, color combinations, and color types and their

relation to depth, therefore, it would seem that bathymetric divisions of 0-55

fathoms, 55-300 fathoms, 300-600 fathoms, and 600 fathoms and over would be

as satisfactory as any.
The bathymetrical distribution of the colors and color types is made clear in

the following table :

White occurs in a total of 37 species ;

Brown occurs in a total of 36 specios;

Purple occurs in a total of 34 species;

Red occurs in a total of 20 species;

Violet occurs in a total of 19 species;

Green occurs in a total of 17 species ;

Ornnge occurs in a total of 13 species;

Black occurs in a total of 8 species;

Gray occurs iu a total of 7 species;

combined in 37.

combined in 12.

combined in 24.

combined in 21.

6 ; combined in 13.

7; combined in 10.

5; combined in 8.

3 ; combined in 5.

1; combined in (5.
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Comissia scitulus. Dorometra mauritiana.

Comaster serrata. Dorometra nana (most individuals).

Comanthus annulata (many). Leptometra celtica.

Catoptometra opJiiwa (most). Leptometra phalcmgium.

Lamprometra prote.ctus (many). Hathrometra tenella.

Omitting these sporadic green species, we find yellow, deepening to brown,

more rarely tending toward orange, often associated with white or nearly white

cirri, to be characteristic of the following groups :

Antillean Capillasterinae. lleliometrinse (except individuals of two

Thalassometrinse (with few exceptions). .species).

Charitometridse. Bathymetrinse.

Thysanometrinae. Pentametrocrinidse.

Red. deepening to purple and brown, is characteristic of the following group :

Comactiniinse.

Purple or purplish brown, with white cirri, is, except for the genus Lepto-
metra, characteristic of the Zenometrinae.

Mixed (either in the individual or in the species) yellow, red, purple, violet,

white, and brown are characteristic of the following :

Zygometra. Ptilometrinae.

Tropiometridse. Pcrometrinse.

Red (deepening to purple) and yellow (deepening to orange), with brown,

gray, and white, are characteristic of

Antedon.
Red and yellow characterize most of the specimens of the species of

Catoptometra.
Purple, white, brown, yellow, green, and black characterize, except for the

genus Antedon, the

Antedoninee.

Purple and yellow, deepening to orange and red.

Stephanomtridse.
White, gray, yellow, orange, brown, and purple.

Calometridae, Homalometra.

Eight or nine colors in all conceivable combinations :

Capilla&terinae (except West Indian). Himerometridae.

Comasterimv. Mariametridae.

Colobometridse (except West Indian).

Whereas the, development of color in the crinoicls seems to have a more or less

definite relation to illumination, it appears to have no relation whatever to the

temperature of the water in which the crinoids live.

From the warm water of the tropical littoral the various colors range down-

ward, as follows :

Yellow to 28.7 F. White to 37.5 F. Red to 40.6 F. Gray to 43.3 F.

Violet to 28.7 F. Black to 37.5 F. Orange to 40.6 F.

Brown to 32.8 F. Green to 40.3 F. Purple to 43.0 F.

142140 21 Bull. 82 49
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The various color types are almost entirely confined to water of high or inter-

mediate temperature. But this is undoubtedly due to the fact that the crinoids

of the colder parts of the oceans belong to groups in which color patterns are not

developed even in their tropical representatives.
This supposition is emphasized by the occurrence of several well-marked and

beautiful colors types in the species of the genus Antedon, which are quite as well

developed in the Scandinavian species as in those inhabiting the shores of north-

western Africa and the Mediterranean.

Antedon belongs to the subfamily Antedoninje, which otherwise is confined to

the Indo-Pacific region; and in its migration to the Atlantic basin it appears to

have retained undiminished the group character of diversified coloration.

Geographically the maximum development of color diversity appears to be in

the Malayan and north Australian region, and thence westward to Ceylon; but

it is here also that the maximum development of littoral types is found. The whole

littoral and intermediate fauna from east Africa to Oceania and southern Japan is

notable for the diversity in the coloration of the endemic forms.

On the other hand, throughout the vast extent of the east and north Pacific

we find the minimum diversity of crinoid coloration
;
all of the comatulids are uni-

color, most of them yellow, becoming yellow brown, a few purplish brown : all of

the stalked forms are yellow.
The crinoids of the Caribbean Sea, as known to-day, are much less highly

colored than those of the Indo-Pacific region, and this holds good for stalked

as well as for unstalked types. But here the groups which furnish the majority
of the most variegated species, both of the littoral and of the intermediate fauna,
in the Indo-Pacific, the Comasterinae, Zygometridae, Himerometridse, Stephano-

metridae, Mariametridee, Colobometridse (except for the genus Analeidometra) .

Calometrida?, Ptilometrime, and Antedoninse (except for a single species of A/it, -

don) are absent. The only littoral types are Antedon dubcnii, Tropiometra picta,

which has a rather limited range and a fairly constant scheme of coloration, species

of Nema#ter which, so far as we know, are always uniform brown, and species

of Comactinia which, as in the case of its eastern representatives, are practically

unicolor.

In the remaining portions of the Atlantic (outside of the region of the Cape
of Good Hope, where the Indo-Pacific fauna intrudes for a short distance) we
note especially the presence of the highly colored species of Antedon, which range

collectively from Kio de .Janeiro to St. Thomas and from the Gulf of Guinea to

Norway, including the Mediterranean basin; of the green species of Leptometra,
which range from Madeira to Scotland, including the Mediterranean basin; and
the small green or gray species of Il<illirnii-lr<i. which range from Chesapeake

Hay and Portugal northward.

The coloring matter of crinoids is freely soluble in fresh water and in alcohol.

It is possible to keep certain species for some time in water fresh enough to dis-

solve out a considerable amount of pigment without apparent injury, while many
can be partially decolori/.ed in a stream of fresh water while still alive.
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The solution given off in alcohol is often quite different in color from the

animal itself. Thus the dark green Endoxocrinus wyvillethomsoni gives off a pink

color, and the golden brown Kemaster iowensia a dark green color. A further dis-

cussion of these phenomena will be given in the section dealing with the coloiing

matter.

As a general rule comatulids preserved in alcohol, no matter what their original

colors may have been, become brown, usually a yellowish, more rarely a purplish,

reddish, or greenish brown, later slowly fading out to grayish white. The bands

and spots often persist for some time, though with entirely changed color values,

but they eventually disappear.
The color transformation undergone by specimens in alcohol is sometimes

very striking. As instances I may mention that one of the most brilliant species

with which I am acquainted in life, Catoptometra rubroftava, banded bright red

and bright yellow, becomes a uniform reddish brown; the species of Antedon be-

come uniform yellowish brown; and a brown and yellow specimen of Amphimetra
discoidea became purplish brown and grayish white.

On account of the wonderful diversity of the colors in life and of the alto-

gether extraordinary alteration of the colors by preservation, the greatest care is

necessary in identifying living specimens, especially from descriptions based on

preserved material, for the color may or may not be a good specific index; it usually
is not. Several supposed species have been based upon color differences which

would have remained undescribed had the specimens been allowed to fade before

determination.

The color, and especially the color markings, of specimens in alcohol, which

may or may not bear a definite relationship to the living colors, are always worth

recording, for, strange as it may seem, they sometimes furnish an index of relation-

ship more reliable than any which may be deduced from the far more diversified

living colors.

From the evidence at hand the following conclusions seem justified:

1. White, which is the original color of the pentacrinoid young and occurs

frequently in the adults, denotes the more or less complete absence of pigment.
2. (a) Yellow is the color of practically all of the more primitive forms, and

of many of the more specialized, throughout life, and with very few exceptions

(occurring in the brilliantly illuminated littoral), of small specimens and of

advanced pentacrinoids.

(b) Orange or red, in reality an intensification of the yellow, is the color of a

few primitive forms, and of nearly all the young which are not yellow.

3. After the full size has been reached a dusky factor makes its appearance
which may be generally diffused or more or less localized, and deepens, alters, or

obscures the original colors.

Apparently a careful distinction must be made between tha greenish cast of

such types as Phri/nocrinu,t and Cal-amocrinus and the clear greenish yellow and

green of the shallow-water species, and the "
dusky purple

" of certain pentacrinites

and the brilliant purples and violets seen in littoral types.
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The greenish tinge in Phrynocrinus and Calamocrinm seems to result from
the dusky age factor as seen through the normal brilliant yellow, while the "

dusk}'

purple
"

is possibly the age factor as modified by semiopaque white, and therefore

comparable to the dusky purple spots seen in the eggs of such birds as the Tyran-
nida? and Laridse.

4. Illumination of the habitat results in

(a) An intensification of the natural colors and the very early appearance of

the dusky age factor.

The original color may be uniformly intensified, or the intensification may be

more or less localized, resulting in the formation of blotches, spots, or bands.

Individuals from dark muddy bottoms or from deep holes or other shaded

situations are much lighter and less diversified in color than individuals of the

same species from bottoms of broken shells, coral reefs, or other brilliantly illumi-

nated locations. On coral reefs it has been noticed also that even very small

specimens are often very dark in color.

(b) The appearance of a blue factor, resulting in the formation of bright

greens, purples, and violet, which may deepen to black.

All the crinoids living below the limit of light penetration exhibit the basic

colors, white, yellow, orange, or red only, which, though they may become more

intense toward the calyx and arm bases, are never otherwise diversified. Each

of these colors, however, may be modified by the dusky age factor, resulting in

"
dusky purple," greenish or brownish yellow, brown, orange brown, crimson, or

red brown. The blue factor is absent from these species, but in the group as a

whole it gradually increases from the limit of light penetration to the surface,

causing the appearance of greens, purples, and violets of increasing intensity.

The development of color in the crinoids may be represented by the follow-

ing scheme :

With the addition of the With the addition of the dusky
blue factor becoming factor becoming

/bluish gray gray.

~1 gray to "dusky purple."

[bright greenish yellow ....grayish green.

[bright green ..brownish green.

Yellow greenish.

brownish yellow.

I.yellowish brown.

I brown.

forange purple purplish brown.

fI orange violet violet brown.

..orange brown.

purple purple brown.

[violet brown.
K.-I violet.

|
blnck .

j
red brown.

5. Temperature plays no part in the development of color in the crinoids.
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PIGMENT.

While on the Challenger in the East Indian region Prof. H. N. Moseley investi-

gated the coloring matter of a number of comatulids and several pentacrinites.

His facilities -were necessarily limited, but he secured some very interesting results

and was the first to demonstrate antedonin and pentacrinin. The value of his

work was unfortunately somewhat lessened by the absence of definite identifications

of the species he studied.

Some years later Krukenberg, in the course of his investigations at Trieste

into the coloring matter of various marine invertebrates, made a detailed study of

that of Antedon adriatica; and in 1890 Dr. C. A. MacMunn published the results

of numerous careful observations on such comatulid pigments as he was able to

secure, including that of Antedon bifida.

From spectroscopic observations made during the voyage of the Challenger
Professor Moseley determined the existence of three different pigments in the

recent crinoids which he called purple pentacrinin, red pentacrinin, and antedonin.

Purple pentacrinin. Spectroscopic observations were made on the pigment of

the species listed below from the localities given :

Off the Kermadec Islands, 630 and 650 fathoms : Hypalocrinus naresianus,

Metacrinus nodosus, Metacrinus wyvUlii.
Off the Kei Islands, 126 fathoms : Metacrinus angulatus, Metacrinus cingulatus,

fMetacrinus murrayi. Metacnnus nobilis, Metacrinus tuberosus.

Off Cebu, Philippines, 100 fathoms. 1

Between Panglao and Siquijor, Philippines, 375 fathoms; fEndoxocrinus

alti'i'nicirrus, fHypalflcrimtx narcsianus, fMetacnnus murrayi.
1

Off the Meangis Islands, 500 fathoms: Endoxocrinus aUernicirrus, Hypalo-
i^rinus naresianus, Metacrinus costatus, Metacrinus moseleyi, ^Metacrinus nmrrayit

Metacrinus varians, Metacrinus wyvillii.

Professor Moseley found that the majority of the specimens yielded a coloi-ing

matter which is extremely well defined by characteristic absorption spectra, and
which he called pentacrinin.

When fresh the coloring matter is freely soluble in slightly acidified alcohol,

and gives a solution which is of an intense pink color when viewed by transmitted

light.

The solution when moderately intense gives a spectrum consisting of three

bands. One of these, intensely black with sharply defined margins, covers the D
line, extending for a very short distance beyond the more refrangible side of that

line, and for a greater distance on its other side toward the red, as was observed

by viewing the spectrum with the bright sodium line in the field
;
the second, situated

between D and E, is most intense on its least refrangible border, and shades off to-

ward the violet
;
the third band is a broad dim one stretching from & to F. Very

little of the red end of the spectrum is cut off. The whole of the violet is absorbed.

1 In the Challenger report P. H. Carpenter does not mention the station off Cebu, and he questions the

correctness of the locality of all three species said to have been obtained off Panglao and Siquijor. Some or

all of them maj' have come from off Cebu. as none of the specimens bad definite locality labels when they
reached Carpenter's hands.
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In very intense solutions the absorption at the violet end spreads up to b and
unites with the third band, so that the light is entirely cut off up to &, where there

is a defined dark edge; the second band is intensified and becomes black; the first

band is black as before, but a paler band is added to it in continuation on its red

side.

In more intense solutions the two principal bands broaden out and almost run

together, being separated by a narrow interval of yellow.
The two principal bands coincide very nearly with those of turacin,

1 the only
difference being that the least refrangible band in turacin extends a little farther

to the green side of D than does that of pentacrinin.
When the acid-alcohol solution is rendered alkaline by the addition of ammonia

the solution becomes of a bluish-green color, which shows a slight red fluorescence

on the concentration of sunlight in it. The spectrum is also changed. An intensely
black band now occupies a space on the less refrangible side of B

;
on the red side

of D is a broad pale band, while the third band between 6 and F remains as

before, excepting that it is intensified for rather more than half its breadth on its

violet side. In very weak solutions the first and third bands remain visible after

the middle one is lost.

The solution can be rendered acid or alkaline any number of times with corre-

sponding changes in color and spectrum. By careful addition of ammonia in small

quantities to the acid solution in a tall vessel one part of the solution can be ob-

tained green, while the remainder is still red. Thus the passage of one spectrum
into the other may be seen at the junction of the two solutions. As the least re-

frangible band of the acid spectrum fades it takes the form of a fine black line to

the red side of D with a fainter margin extending just over D toward the green.
As the ammoniacal portion of the solution is approached a dark broad band is

seen to extend gradually toward the red from the least refrangible acid band up to

the position of the least refrangible margin of the dark alkaline band in the ex-

treme red. The least refrangible margin of the broad band darkens as the least

refrangible acid band fades from view, and at length assumes the full intensity
of the least refrangible alkaline band.

In a very strong solution or with weak transmitted light the broad band ap-

pears to extend the entire distance from the alkaline band in the extreme red to D,

while the entire violet and blue end of the spectrum is absorbed continuously as

far as Z.

By very careful neutralization of the solution a green fluid can be obtaini-il

which yields both acid and alkaline spectra showing four bands. In it the ex-

treme red band of the alkaline solution and the intense band in the region of I)

of the acid solution are seen of equal intensity, while the second band of the acid

spectrum is very faint. In the exactly neutral solution yielding four bands acid

and alkaline pentacrinin appear to coexist.

'Turaoln Is the red or rrlmnon coloring matter In tin- feiilliers of certain n! tin- Miisnphiiirldip or

plantain enters, a Kroup of African birds. In solution It jilvns 1'" absorption bands like those of oxyhn:mo-
globln. It Is Raid to contain about per cent of coppiT which can not be Isolated without destroying the

pigment. Turacin Is said to wash out of the feathers readily during the rainy season, and also when the
birds bathe.
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The acid solution of pentacrinin when slowly evaporated and concentrated

yields a precipitate, which, when collected and dried, appears as a dark violet

amorphous powder. This substance, viewed by transmitted light as adhering to

the filter paper and rendered transparent with glycerin, yields the same spectrum
as the acid solution. The dried coloring matter is very sparingly soluble in abso-

ulte alcohol, but freely soluble in this on the addition of a few drops of hydro-
chloric acid. It is not soluble in dilute hydrochloric acid alone, requiring the

addition of alcohol to show the spectrum.
The fresh coloring matter is soluble in fresh water, but remains partly sus-

pended, forming a slightly opaque dark purple solution, which gives, when quite

fresh, a mixed acid and alkaline spectrum. When the aqueous solution is acidified

the coloring matter becomes entirely dissolved and the fluid becomes clear and

transparent and of a beautiful pink, yielding the same spectrum as the acidified

alcoholic solution. When the intense watery solution is rendered alkaline a green
flocculent precipitate is formed, and in a very intense solution the two outer bands,
the most refrangible and the least refrangible, are lost, being encroached upon and
included in the general absorption of the ends of the spectrum.

All the specimens obtained off the Kermadec Islands (representing Hypalo-
crinus naresianus, Metacrinus nodosus, and M. ivyvittii) were of a uniform dusky
purple when brought to the surface, being evidently colored by acid pentacrinin.

The specimens secured off the Meangis Islands represented seven species

(Endoxocrinus alternicirrus, Hypalocrinus naresianus, Metacrimts costatus, M.

moseleyi, ?M. murrayi, M. varians, and M. wyvillii). Of these, three (Metacrinus

costatus, M. variant, and M. wymllii} were similarly colored uniform dusky purple,
one being especially dark, while one (Hypalocrinus naresianus) was of a light

pinkish red and did not contain purple pentacrinin at all.

The specimens dredged off the Kei Islands (representing Metacrinus angulatus,
M. cingulatus, ?M. murrayi, M . nobilis, and M. tuberosus) when fresh had their

stems almost white and their crowns light yellow or light reddish orange, showing
no purple coloration at all.

Those obtained off Panglao and Siquijor (f/^nJoxocrinus alte-micimis,

fHypalocrinus naresianus, and fMetacrinus murrayi) were almost colorless; never-

theless, when placed in alcohol they yielded a solution which was deeply colored

sap green and which, when acidified, became of the usual deep pink of pentacrinin.

Thus in these examples the pentacrinin, though present in great abundance, was

entirely masked.

It is possible that these specimens would have shown an alkaline reaction in

the fresh condition. Unfortunately the test was not made. The pentacrinin would

be far less visible in the green alkaline condition.

Red pentacrinin. Hypalocrinus naresianus gave a simple light red solution in

absolute alcohol. This solution, when very intense, absorbed all the spectrum

except a band of light between E and B. When the solution was weaker it showed

a single broad band in the region of E, b, and F, with some absorption of the ends

of the spectrum. Addition of ammonia reduced the brightness of the color of the
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solution, and when added in quantity caused the absorption band to disappear. It

did not render the solution at all green.
Antedonin. Moseley notes that the various species of comatulids appear to be

usually either of a rose color or of an orange or yellow, running into a yellow brown,

or of a dark purple. Both the rose or red and the yellow coloring matters are freely

soluble in alcohol, and usually in fresh water.

The colored solutions obtained from a large number of such species dredged

b}* the Challenger were examined, but none of them yielded a characteristic absorp-

tion spectrum showing bands. The European species have similarly been found to

yield a coloring matter free from bands. In the case of Antedon all the spectrum
but the red is absorbed. Moseley found a purple species occurring at Suez (Tropio-

metra audouini) to yield a similar spectrum.

By dredging in from S to 12 fathoms in the channel between Somerset and

Albany Island at Cape York, Queensland, a comatulid (probably Comatvla

I'otalaria) was obtained in abundance which was of a dark purple color. The color-

ing matter was insoluble in glycerine, soluble to a large extent in fresh water, and

abundantly soluble in weak spirits, and gives an intense fuchsin-colored solution.

This, when compared with that obtained from a deep-sea holothurian found to con-

tain the same coloring matter, is seen to be much redder, but it becomes pinker on

dilution with alcohol, and at last quite pink and indistinguishable to the naked eye
from that of the holothurian.

The solution when of moderate strength gives a spectrum consisting of three

well-defined absorption bands. On \ising a very weak solution and gradually

strengthening it the least refrangible band, being the most intense, appears first,

and is visible in solutions which appear very slightly tinted indeed to the unassisted

eye. The other two bands appear together. The midldle band is at first darkest

about E. The most refrangible band, which is much less dark than the middle one,

is of uniform intensity. Neither the red nor the violet ends of the spectrum arc

much absorbed.

When the solution is very strong all three bands become intense; the violet

disappears and all the light, except the red and yellow, becomes very faint. The

bands remain us before, except that the middle band now appears of uniform

intensity throughout. When the solution is rendered stronger still the least

refrangible band extends gradually up toward I), and the whole of the spectrum
becomes absorbed except a band of light consisting of red with a little yellow.

On the addition of hydrochloric acid to the alcoholic solution the color changes
to an orange, and the spectrum now consists of two bands, one lying to the red side

of E, the other to the violet side of b and extending to F. These bands are in weak
solutions separated by an interval of light. In very intense solutions the bands art-

joined by the absorption at the violet end of the spectrum, and the spectrum consist;-

of a simple band of red, yellow, and green light. In solutions of intermediate

strength the two bands are connected by a clouding interrupted by brighter streaks.

while the more refrangible band is dark just about the region of F, and has its

main darkest mass separated from this dark narrow streak at F by a l

interval.



MONOGRAPH OF THE EXISTING CHINOIDS. 751

On the alcoholic solution being rendered alkaline by the addition of ammonia,
it changes its color to a deep violet, and a flocculent purple precipitate is formed
in it, which can readily be separated by filtration. The precipitate when dried

appears as a violet amorphous powder which is insoluble in alcohol and oil of

cloves, and can thus be rendered transparent and mounted in Canada balsam as

adhering to the filter paper. This precipitate when dried yields the same spectrum
as it does when suspended in solution, consisting of two bands.

The dried precipitate is insoluble in water, ether, and alcohol, but soluble in

acidified alcohol, and then gives the original acid spectrum, and when this solution

is carefully neutralized the original three-banded spectrum returns; but Moseley
obtained it only faintly. Though a very large quantity of precipitate was removed

by ammonia from a strong and original alcoholic solution, the solution still

remained of a vivid color and gave its three bands. It was only after continuous

addition of ammonia that the whole of the coloring matter was precipitated.

The coloring matter appears to require a proportionately increased quantity
of ammonia to precipitate it as the solution becomes weaker. Both the dried color-

ing matter and the alcoholic solution have maintained their color and properties

unimpaired after a lapse of two years.

Both pentacrinin and antedonin seem to be widely diffused in immense quanti-
ties throughout the tissues of the crinoids in which they occur.

Dr. C. A. MacMunn studied the coloring matter of a few species of comatulids.

In particular Antedon bifida was examined, in order to settle the question of the

presence of symbiotic algse in the sacculi, this interpretation of these organs having
been advanced by Vogt and Yung and vigorously denield by P. H. Carpenter and

by Bury on histological grounds.
MacMunn says that the "

pyriform oil cells
" of Thomson, which were supposed

to be migrating amoeboid spores of symbiotic algse by Vogt and Yung, were easily

seen by him, but that they are totally different in shape and structure from any
symbiotic algae which he has seen. They appear to him to be outgrowths from the

surface of the pinnules, the flask-shaped ones being attached by the part repre-

senting the neck of the flask. Some which he measured varied in size from about

10 (A to 5
(j.

in their long diameter, and from 6.25 [x to 5
\>.

in their short diameter.

They are mostly homogeneous and yellowish green in color; some seemed to have

granular contents, but these were of exceptional occurrence. MacMunn failed to

find either starch or cellulose in these pyriform bodies.

Glycerine, water, and alcohol readily extracted the red coloring matter, but ether

failed to do so, as it only became faintly yellow. The glycerine extract was a fine

rose color. Spectroscopically a deep layer transmitted red and a little green, and

in a shallow layer an ill-defined shading occupied the other half of the green.
Ammonium sulphide discharged the color, leaving a faint yellowish tint, but no

absorption bands were visible. Hydrochloric acid changed the color to pale yel-

low, the solution showing no bands, and ammonia changed it to a faint rose tint.

The aqueous solution gave the same kind of absorption as the glycerine solu-

tion, and showed in a thin layer only a faint shadow in the green. Ammonium
sulphide discharged the color of such a solution, leaving only a faint reddish-
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yellow tint, and no bands appeared. Hydrochloric acid, as well as acetic acid, also

destroyed the color of this solution.

The absolute alcohol solution was of a fine rose color
;
a deep layer transmitted

the red rays and a little of the green, but in the deepest layers there was not a

trace of a chlorophyll band in the red. A shallower depth showed an ill-defined

shading in the green, best marked toward its blue end. Ammonia discharged most

of the color, leaving a faint reddish tint and some ill-defined shading at the blue

end of the green. Hydrochloric acid destroyed the red color, changing it to yellow,

and the solution now showed no bands.

The ether solution did not show a trace of a chlorophyll band in the red
;

it was of a pale yellow tint, and in a thin layer a faint, ill-defined band was seen

at the blue end on the green. On evaporation it left a yellow residue, which be-

came a transient dirty green with sulphuric acid, and became more yellow with

iodine in potassic iodide.

Therefore it would appear that the ether removed a yellow lipochrome and

left the rose-red pigment untouched.

So far, then, it may be concluded that the intrinsic coloring matter of Antedon

bifida is not identical with Moseley's antedonin, which will be described for pur-

poses of comparison farther on, and that no chlorophyll is present. The absence

of symbiotic algae, threfore, may be safely inferred.

Knikenberg had previously examined the pigment of Antedon adriatica, and

had referred to a band in the red evidently belonging to chlorophyll. He called

the red pigment comatulin, and noticed that it, as well as the pigment of yellow
and brown specimens, is soluble in sea water and in diluted alcohol, but insoluble

in glycerine, ether, chloroform, benzol, carbon disulphide, turpentine, and almond

oil, only going over into these solvents when water is present.

MacMunn remarks that it would appear that Krukenberg did not take the

precaution of removing the contents of the stomach, which, when squeezed out, show

the dominant and other chlorophyll bands well marked. He did not dry his speci-

mens completely, which may account for the discrepancy in his results as compared
with those of Krukenberg.

According to Krukenberg the red, brown, and yellow pigments from corre-

spondingly colored specimens of comatulids are all related to each other, and none

of them yield absorption bands. He states that an extract of red comatulin be-

comes more yellowish by dilution, while an extract of yellow comatulin becomes

more red by concentration. If a slightly purplish red solution of comatulin in

dilute alcohol be evaporated on a water bath and the residue be exposed to the

light, the cherry red color changes first into an insignificant brownish yellow,
and this behaves exactly like the piirment obtained from brownish yellow species;
later it gets lighter in color until finally it becomes bleached.

Diluted aqueous solutions of comatulin also undergo a similar change, but alco-

holic solutions are more stable.

He also says that aqueous and alcoholic solutions are changed to orange or

brownish yellow by hydrochloric and acetic acids, and that the coloring matter



MONOGRAPH OF THE EXISTING CEINOIDS. 753

separates; also that alkalies such as potash or ammonia precipitate the pigment
with unchanged color.

fPtilometra miilleri. An alcoholic solution of the coloring matter of what
was probably this species was sent to Doctor MacMunn by Prof. F. J. Bell. It had
a deep yellow color, being orange yellow by gaslight. It gave one band in orange
and one in green, and strongly absorbed the violet end of the spectrum. A very

deep layer transmitted only the red rays and showed a narrow faint band in red.

As the solution was too dilute for spectroscopic observation it was evaporated
in a vacuum. After some days' evaporation it left a fine red residue, which in

thinner parts seemed yellow and had a pleasant smell, recalling that of Flustra

foliacea.
1

This residue went over easily into absolute alcohol, forming a fine red solu-

tion. A deep layer transmitted red only. A less deep layer gave definite bands,
and a still shallower lay#r somewhat different bands. These bands gave the fol-

lowing readings: First, X598 to X5S9; second, X581 to X562; and third, in a slightly
more diluted solution, from X549 to X520.

On adding hydrochloric acid the color became more orange, less red, and the

spectrum changed to that shown in his third figure ;
the bands reading, first X589

to 7.580, and second, probably composed of two bands, from about X549 to X523,

the darker part about X532 523.

Ammonia added to an alcoholic solution made the color a darker red and
caused slight precipitation. A deep layer transmitted red only, while in a shal-

lower layer a broad ill-defined band in green was seen. When to this solution

ammonium sulphide was added this band disappeared, but no new ones came into

view. When an alcoholic solution was treated with ammonium sulphide the fluid

seemed redder, and only general absorption of all rays except the red was seen.

In thin layers a faint haze was seen in the green, but no bands.

On treating an alcoholic solution with acetic acid it became a lighter red, and
the spectrum changed so that the bands read : First, from X597 to X581 and shading
to X562, and, second, in its darker part from X538 to X521.5, the violet being ab-

ruptly absorbed.

Caustic soda changed the color of an alcoholic solution to a darker red, and
on diluting still further the color became rose red. The spectrum was the same as

with ammonia.

Nitric acid produced the same effect as hydrochloric, the color changing to

orange, and bands like those in the third spectrum appearing, the dark part of the

first band reading from X589 to X579 and having a shading on each side of it, and
the second band extending from X549 to X523 with its half toward violet more
shaded than that toward red.

Sulphuric acid also changed the color of an alcoholic solution to orange, and
the bands were exactly the same as with nitric acid.

The acid spectrum could be changed into the alkaline by an excess of caustic

soda.

1 Alcoholic specimens of several species are remarkable for their pleasant odor. Tropiometra pictn, T.

tnacroiliscus, and I'tilometra miiUeri and Ft. macronema smell much like ripe purple phims.
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The residue left by the evaporation of an alcoholic solution was freely soluble

in ether, chloroform, carbon disulphide, benzine, and water, but insoluble in

glycerin. It became a kind of violet with iodine in potassium iodide, a dirty

yellow-brown with nitric acid, and a kind of orange with sulphuric acid.

Palceocomatella difficilis, ('alometra dixcoidea, Asterometra longicirra, Steno-

metra guinquecostata, Parametra compressa, Perissometra flexilis, P. patula, P.

robusta. Strotometra parvipinna, Cyllometra manca, Adelometra angustiradia., and

Perometra pusilla. As this solution was very dilute it was evaporated in a

vacuum, and left a deep yellow residue. Dissolved in alcohol this furnished a

yellow solution approaching orange. In this no bands were visible, but it ab-

sorbed the violet end of the spectrum. The other characters resembled those of

the pigment of Antedon lifida. The residue became a dark brown-violet with sul-

phuric acid, and was scarcely changed by nitric acid.

Aglaometra valida, Thalassometra pergracilis, Perissometra, angusticalyx,
C'hondrometra aculeata, Pcecilometra accela, Nepiometra Icevis, and Thaumatocritvus

naresi. The yellow solution on evaporation in a vacuum left a kind of purplish
brown residue which dissolved in rectified spirits with an orange color. It strongly

absorbed the violet end of the spectrum, but showed no distinct bands. There

was a feeble shading present in green and a very faint one at D; the latter be-

came more distinct on the addition of caustic potash, which made the fluid redder.

There was not enough pigment left for further examination.

Comasterid from Banda. 1

Carpenter believes that it was from this that Pro-

fessor Moselcy obtained his antedonin. The solution had a faint yellowish red

tint and showed two faint bands in the green, which MacMunn took for those of

antedonin. On evaporation in a vacuum a dull red residue was left; this was

soluble in alcohol and gave the antedonin bands faintly. By the action of acids

and alkalines it was evident that antedonin, somewhat altered by time, was present.

No lipochrome could be detected in the residue.

Large comasterid from Banda,. 1 The solution was yellow, and on evapora-

tion in a vacuum left a violet brown residue soluble in alcohol, with a violet red color

in deep layers, and orange in thinner ones. When dissolved in alcohol it strongly

absorbed the violet end of the spectrum and showed no distinct bands. Hydro-
chloric acid made the color paler, approaching yellow, and no bands were seen.

Caustic potash made, the fluid redder and caused a faint shadow to appear at D,

while a precipitate formed. The residue became yellow with nitric acid, and brown

with sulphuric acid.

Comatula rotalaria from Cape York. The alcoholic solution was deep yel-

low, and somewhat reddish in a deep layer. On evaporation in a vacuum it left

a red residue containing crystals of chloride of sodium. Tlu- rectified spirit extract

was reddish in deep and yellow in thin layers, and this gave a faint antedonin

spectrum. The residue was also soluble in chloroform, the solution strongly ab-

sorbing the violet end of the spectrum and showing some faint bands in green.

The comuBtpridH nlitnlned by the C/iaen(/rr nt Bandn were Captllaster sentosa, C. mnltiradiala, Co-

niaslcr multibrachlata, Comanthcria lirlarcitK, ComantMna ncMcgelll. Comanttnis aiitntlata, nnil C. pari-idrra.
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It was also partially soluble in ether, the solution showing a faint antedonin

spectrum. Hydrochloric acid changed the red color to yellow ;
caustic soda intensi-

fied the color, and then a feeble shading was seen close to D
;
ammonia produced

the same change.
Comatella stettigera. This gave a yellowish solution which on evaporation in

a vacuum left a yellowish brown residue, soluble in rectified spirits with a yellow

color; this absorbed the violet, but showed no bands. Hydrochloric acid left the

color of the solution unchanged ;
with caustic potash it became a brownish yellow,

but showed no bands. The residue failed to give the lipochrome reactions.

ECONOMIC VALUE OF THE RECENT CIIINOIDS.

Economically the crinoids serve no useful purpose at least up to now they
have been put to none. They can not be eaten, and they are not eaten by any fish

or other animal that serves as human food.

Owing to their ordinarily fixed mode of life it is possible that they might be

used to furnish an index of the density of the finer plankton content of the water

in which they live, though it is probable that other more generally distributed

animals with more or less similar feeding habits would serve this purpose better.

Because of their beauty and delicacy of form, as well as on account of their

rarity, they are frequently preserved and offered for sale as curios in Japan and

China, and, less frequently, in India, Oceania, Australia, and the West Indies.

In southern Japan crinoids are frequently brought up on the long lines used

for fishing in deep water in Sagami Bay. The unstalked crinoids, because of

their beauty and delicacy of form, are called " komachi "
a name originally borne

by an exceptionally well-favored lady of the court upward of a thousand years

ago while the stalked form (Metacrinus rotundus) is known as the "bird's foot."

The former when well preserved are sometimes sold as curios, while the latter

always meet with a ready sale at extraordinarily high prices on account of their

rarity, combined with their palseontological interest.

In China comatulids are sometimes offered for sale which have been brought
from a considerable distance.

At Barbados the local species of Isocrinus, especially /. asteria, and Holopus

rangii, are occasionally to be found in the curio shops.

Among the Slavic peoples red is the color about which all their abstract ideas of

beauty, and hence of idealism, revolve. The delicate and often gorgeously colored

red Adriatic Feather Star (Antedon adriatica) occurs more or less abundantly

along the coasts of the largely slavic provinces of Istria and Dalmatia, where it is

frequently found in the fishermen's nets and is sometimes brought up on their

hooks. Its beauty of form, and particularly its red color, especially commend it

to the local fishermen, who commonly take it to market and exhibit it along with

the fish offered for sale.





EXPLANATION OF PLATES.

PLATE 1.

Radial Pentagons and Radial Articular Faces of Various Comatulids.

FIG. 950. Comatella stelligera, lateral view of radials and centrodorsal. (After P. H. Car-

penter. )

951. Same. (After P. H. Carpenter.)
952. Same species, ventral view of radial pentagon. (After P. H. Carpenter.)
953. Comatella maculata, ventral view of radial pentagon. (After P. H. Carpenter.)
954. Same, lateral view of radials and centrodorsal. (After P. H. Carpenter.)
955. Neocomatella pulchella, two adjacent radial articular faces. (After P. H. Carpenter.)
956. Nemaster rubiginosa, lateral view of radials and centrodorsal. (After P. H. Car-

penter. )

957. Same, ventral view of radial pentagon. (After P. H. Carpenter.)
958. Comatula rotalaria, two adjacent radial articular faces. (After P. H. Carpenter.)
959. Same, ventral view of radial pentagon. (After P. H. Carpenter.)
960. Comatula Solaris, lateral view of radials and centrodorsal. (After P. H. Carpenter.)
961. Same, ventral view of radial pentagon. (After P. H. Carpenter.)
962. Same, ventral view of radial pentagon. (After P. H. Carpenter. )

963. Comactinia meridionalis, lateral view of radials and centrodorsal. (After P. H. Car-

penter. )

964. Same, ventral view of radial pentagon. (After P. H. Carpenter.)
965. Comanthus pan-icirra, lateral view of radials and centrodorsal. (After P. H. Car-

penter. )

966. Same, ventral view of radial pentagon. (After P. H. Carpenter.)
967. Same. (After P. H. Carpenter.)
968. Same. (After P. H. Carpenter.)

PLATE 2.

Radial Pentagons of Various Comatulids.

FIG. 969. Cyllomctra disciformis, lateral view of radials and centrodorsal. (After P. H. Car-

penter.)

970. Same, ventral view of radial pentagon. (After P. H. Carpenter.)

971. Tropiometra carinata, lateral view of radials and centrodorsal. (After P. H. Car-

penter. )

972. Same, ventral view of radial pentagon. (After P. H. Carpenter.)

973. Ptilometra macronema, lateral view of radials and centrodorsal. (After P. H. Car-

penter.)

974. Same, ventral view of radial pentagon. (After P. H. Carpenter.)

975. Stiremetra breviradia, lateral view of radials and ceutrodorsal. (After P. H. Car-

penter. )

976. Same, ventral view of radial pentagon. (After P. H. Carpenter.)

977. Same, another specimen, lateral view of radials and centrodorsal. (After P. H. Car-

penter. )

978. Same specimen, ventral view of radial pentagon. (After P. H. Carpenter.)

979. Stenomctra quinquecostata. lateral view of radials and centrodorsal. (After P. H.

Carpenter.)

9SO. Same, ventral view of radial pentagon. (After P. H. Carpenter.)

757
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Itadiul Pentagons of Various GomatttUds.

I'IG. 1)81. Thalaxxoiiictra agassisii, lateral view of radials and centrodorsal. (After Hartluub.)

982. Same, dorsal view of radial pentagon. (After Hartlaub.)

983.- Same, ventral view of centrodorsal. (After Hartbuib. )

9S4. Perissomctra angusticali/f, lateral view of radials and centrodorsjil. (After P. H.

Carpenter.)

!IN.~>. Same, ventral view of radial pentagon. (After P. H. Carpenter.)
'.INC.. ra<-liijlfinii'tiv iii'i'i/unUn, lateral view of radiate and centrodorsal. (After P. H. Car-

penter. )

987. Same, ventral view of radial pentagon. (After P. H. Carpenter.)

988. Paecilometra acasla, lateral view of radials and centrodorsal. (After P. H. Carpenter. >

9S!. Same, ventral view of radial pentagon. (After P. H. Carpenter.)
990. Charitonii'trn linxii-nn-a, lateral view of radials and centrodorsal. (After P. H. Car-

penter. )

991. Same, ventral view of radial pentagon. (After P. H. Carpenter.)

992. Cliaritometra incisa, lateral view of radials and centrodorsal. (After P. H. Car-

penter.)

993. Same, ventral view of radial pentagon. (After P. H. Carpenter.)

PLATE 4.

Radial Pentagons of Various Comatulids.

FIG. 994. Antedon biflda, lateral view of radials and centrodorsal. (After P. H. Carpenter.)

995. Same, ventral view of radial pentagon. (After W. B. Carpenter.)

996. Same. (After P. H. Carpenter.)
997. Solanometra antarctica, lateral view of radials and centrodorsal. (After P. H. Car-

penter.)

998. Same, ventral view of radial pentagon. (After P. H. Carpenter.)

99!). Heliometra glacialte, lateral view of radials and centrodorsal. (After P. H. Car-

penter. )

1000. Same, ventral view of radial pentagon. (After P. H. Carpenter.)

1001. Prnmachocrinus kerguelensis, lateral view of radials and centrodorsal. (After P. H.

Carpenter. )

1002. Same, ventral view of radial pentagon. (After P. H. Carpenter.)

1003. Leptometra celtlca, lateral view of radials and centrodorsal. (After P. H. Car-

penter.)

111114. Another specimen of sumo, lateral view of radials and centrodorsal. After P.

H. Carpenter.)
1005. Same, ventral view of radial pentagon. (After P. H. Carpenter.)

100C. Pentamrtrncrinux xempcri, lateral view of radials and centrodorsal. (After I'. H.

Carpenter.)

1007. Same, ventral view of radial pentagon. (After P. II. Carpenter.)

PLATE 5.

Kariialx nint Crntrinlnrxal of Florwnetra.

I'M . IOON. I'liirniiK'ti-ii titnnrri, radial articular face. (After llartlanh.)

1009. Flornniclra /icr;i/r.T(7. radial articular face. (After Hnrtlaub.)

1010. Same, inner side of radial. (After Hnrtlaub.)

1011. Sump, lateral view of radials and centrodorsal. (After Hartlauh. t

1012. Same, ventral view of radial pentagon. (After Hartlaub.)

Hii:;. Same, ventral view of centrodorsal. (After Hartlaub.)

1014.--Snme, dorsal view of radial pentagon, without rosette. (After Hartlaub.)
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PLATE 6.

Ann structure of comatulids.

FIG. 1015. Dorsal view of proximal portion of specimen of Comanthus parvicirra, with homolo-

gies of ossieU-s Indicated. (Adapted from P. H. Carpenter.)

1016. Lateral view of proximal portion of specimen of Pentametrocrinus item-peri, with

homologies of ossicles indicated. (Adapted from P. H. Carpenter.)

PLATE 7.

Arm structure of comatulids.

FIG. 1017. Central portion of specimen of Comanthus parvicirra in dorsal view, with atrophied

left posterior arm. (After P. H. Carpenter.)

1018. Central portion and part of an arm of type specimen of Antedon diibenii in dorsal

view, with homologies of ossicles indicated. (Adapted from P. H. Carpenter.)

PLATE 8.

Ann structure of comatulids.

Kio. 1019. Central portion and part of arm of Comactinia meridionalis in dorsal view, with

homologies of ossicles indicated. (Adapted from P. H. Carpenter.)

1020. Central portion and part of two arms of specimen of Comatula rotalaria, with

homologies of ossicles indicated. (Adapted from P. H. Carpenter.)

PLATE 9.

Arm structure of comatulids.

Fio. 1021. Dorsal view of proximal portion of specimen of Comantheria briareus, with homolo-

gies of ossicles indicated. (Adapted from P. H. Carpenter.)

1022. Dorsal view of proximal portion of specimen of Capillaster multiradiata, with

homologies of ossicles indicated. (Adapted from P. H. Carpenter.)

1023. Dorsal view of proximal portion of two post-radial series of Comaster novceguinete,

with homologies of ossicles indicated. (Adapted from P. H. Carpenter.)

PLATE 10.

.Irm structure of comatulids.

FIG. 1024. Dorsal view of proximal portion of specimen of Comanthus trichoptera. with homolo-

gies of ossicles indicated. (Adapted from P. H. Carpenter.)

1025. Dorsal view of proximal portion of specimen of Comanthvs parvicirra, with homolo-

gies of ossicles indicated. (Adapted from P. H. Carpenter.)

1026. Dorsal view of proximal portion of specimen of Capillaster sentosa, with homologies

of ossicles indicated. (Adapted from P. H. Carpenter.)

PLATE 11.

Arm structure of comatulids.

Fio. 1027. Distal arm division in specimen of Dichrometra doderleini.

102S. Centrodorsal and arms bases of specimen of Psathyrometra Wgradata, showing (to

the left) a regenerating arm. (After Hartlaub. 1

1029. Dorsal view of proximal portion of two post-radial series of specimen of Comaster

multibrachiata, with homologies of ossicles indicated. (Adapted from P. H. Car-

penter.)

142140 21 Bui!. 82 50
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PLATE 12.

Artns and pinnules of various comatulids.

FIG. 1030. Arm and pinnules of Comanthe-ria briareiis. (After P. H. Cn rpenter. )

1031. Brachials of Capillaster scntosa. (After P. H. Carpenter.)

1032. Brachials of Capillaster multiradiata. (After P. H. Carpenter.)

1033. Distal brachials of Pentametrocrinus semperi. (After P. H. Carpenter.)

1034. Tip of posterior arm of Comanthus parvicirra, showing paired terminal pinnules and

spherodes.

1035. Tip of anterior arm of Comanthus parvicirra.

1036. Brachials of Comanthus trichoptera. (After P. H. Carpenter.)

1037. Ventral view of portion of ungrooved posterior arm of Comanthus parvicirra. (After

P. H. Carpenter.)

1038. Ventral view of portion of normal arm of Comanthus parvicirra. (After P. H. Car-

penter. )

1039. Part of posterior arm of Comanthus parvicirra, showing spherodes. (After P. H.

Carpenter. )

1040. Pi and Pi of Antedon dii&enii. (After P. H. Carpenter.)

1041. Bases of earlier pinnules of Comatella stelligera, showing carinate processes on first

two segments. (After P. H. Carpenter.)

1042. Varietal form of second or third pinnule of Coccometra hagenii. (After Hartlaub.)

1043. P. of Capillaster multiradiata. (After P. H. Carpenter.)

1044. Lower pinnules of Antedon biftda as carried in life. (After W. B. Carpenter.)

PLATE 13.

Pinnules of various comatulids.

Fio. 1045. Pinnule on IIIBr series of Zyoometra microdiscus. (After P. H. Carpenter.)

1046. Pi of pentacrinoid of JJathrometra sarsii shown in fig. 1220. (After M. Sara.)

1047. Pi of Coccometra hagenii. (After Hartlaub.)

1048. Same. (After Hartlaub.)

1049. Same. (After Hartlaub.)

1050. Proximal pinnules of Thalassometra agassizii. (After Hartlaub.)

1051. Pi of Capillaster scntosa. (After P. H. Carpenter.) .

1052. Bnsal pinnule of Zygometra microdiscus. (After P. H. Carpenter.)

1053. Pi of Florometra pcrplexa. (After Hartlanb.)

1054. Distal end of Pi of Floromelra tanneri. (After Hartlaub.)

PLATK 14.

Pinnules nf rarious comatulids.

Fi<;. 105!). Ungrciovc-d genital pinnule of Pcrissometra anauzticalyx. (After P. H. CarjM'iiicr. i

1056. Pi of Coccometra hagenii. (After Hartlaub.)

10.77. Lateral view of genital pinnule of Paxttomctra acasla. (After 1'. II. Carpenter.)

1058. Ventral view of genital pinnule of Pifcilomctra aca'la. (After P. H. Carpenter i

105!). Pinnules of outer half of arm of Thalassometra ayassizii. (After Hartlaub.)

1000. Middle pinnule of Zygometra microdiscus. (After P. H. Carpenter.)

1001. Genital pinnules of Paxilometra accela. (After P. H. Canx-nter.)

1062. Grooved genital pinnule of Aglaometra incerta. (After P. II. Carpenter.)

1003. Pinnule of 25th brachial of Coccoinctra- hai/ciiii. (After Hartlnub.)

1004. P, of Coccometra hapenlt. (After Hartlaub.)

IOC5. Miililli. pinnules of t'miiiiiitliux tiiclioiittrn. lAfier I'. II. Carpi-nter.)
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PLATE 16.

I'lnnules of various comatulids.

FIG. 1066. Forked pinnule of Eathrometra pro/tea. (After Mortensen.)
1067. Base of same. (After Mortensen.)
1068. Terminal pinnule of Capillaster mttltiradiata. (After P. H. Carpenter.)
1069. Terminal pinnule of Capillaster sentosa. (After P. H. Carpenter.)
1070. Middle pinnules of Florometra tannerl. (After Hartlaub. )

PLATE 16.

FIG. 1071. Antedon biflda, drawn from life. (After W. B. Carpenter.)

PLATE 17.

Terminal com 6s of various comasterids.

FIG. 1072. Comactinia meridionalis. (After P. H. Carpenter.)

1073. Comaster multibrachiata. (After P. H. Carpenter.)

1074. Comanthina schlegelii. (After P. H. Carpenter.)

1075. Same. (After P. H. Carpenter.)

1076. Comanthus annulata. (After P. H. Carpenter.)

1077. Comantheria briareus. (After P. H. Carpenter.)

1078. Comanthus trichoptera. (After P. H. Carpenter.)

1079. Comanthus parricirra. (After P. H. Carpenter.)

1080. Same. (After P. H. Carpenter.)

1081. Same. (After P. H. Carpenter.)

1082. Same. (After P. H. Carpenter.)

PLATE 18.

Profimal bracMalu of Antedon bifida. (After W. B .Carpenter.)

FIG. 1083. Second brachial, distal articular face.

1084. Same, proximal articular face.

1085. Same, lateral face.

1086. Same, ventral face.

1087. Same, dorsal face.

1088. First syzygial pair (third and fourth brachials), proximal face.

1089. Third brachial, distal face.

1090. First syzygial pair, ventral face.

1091. Same, lateral face.

1092. Same, dorsal face.

1093. Fourth brachial, distal face.

1094. Same, proximal face.

1095. Same, lateral face.

1096. Same, ventral face.

1097. Same, dorsal face.



762 BULLETIN 82, UNITED STATES NATIONAL MUSEUM.

PLATE 19.

Proximal brachials of Antedon biflda. (After W. B. Carpenter.)

Fio. 1098. IBr,, proximal face.

1099. Same, distal face.

1100. Same, ventral face.

1101. Same, dorsal face.

1102. IBr, (axillary), distal face.

1103. Same, proximal face.

1104. Same, ventral face.

1105. Same, dorsal face.

1106. First brachial of the free undivided arm, proximal face.

1107. Same, distal face.

1108. Same, dorsal face.

1109. Same, ventral face.

PLATE 20.

Proximal brachials of Antedon biflda. (After W. B. Carpenter.)

Fro. 1110. Fifth brachial, distal face.

1111. Same, proximal face.

1112. Same, pinnule socket.

1113. Same, ventral face.

1114. Same, dorsal face.

1115. Brachial from about the middle of the arm, proximal face.

1116. Same, distal face.

1117. Same, lateral view.

1118. Radial, articular face.

1119. IBr3 (axillary) of pentaerinold at time of detachment from larvnl column, external

view.

11 LH). Same, internal view.

1121. IBr, of pentacrlnold at time of detachment from larval column, internal view.

1122. Same, external view.

PLATE 21.

Proximal bracttials of Comanthvs parvirirra. (After P. II. Carpenter.)

Fin. 1123. IBr,. distal face.

1124. Same, proximal face.

1125. Same, ventral surface.

1126. Same, dorsal surface.

1127. IBr,. (first axillary) proximal face.

1128. Same, distal face.

1129. Same, ventral surface.

1130. Same, dorsal surface.

ll.'il. IBr, of another variety, distal face.

11 ''2. Same, proximal face.

1133. Same, ventral surface.

1 1.".4.- Same, dorsal surface.

1135. IBr, (first axillary) of another variety, proximal face.

1130. Same, disfail face.

1137. Same, ventral surface.

113S. Same, dorsal surface.
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PLATE 22.

Pio. 1139. Portion of postradial series of specimen of Comanthus parricirra, showing light

median line. (After P. H. Carpenter.)
1140. Proximal portion of Thalassometra agassieii. (After Hartlaub.)

PLATE 23.

Perisomic structures of various comatulicls.

FIG. 1141. Lateral view of young specimen of Thaumatoorinus renoratus, showing perisomic

plates of disk. (After P. H. Carpenter.)
1142. Peristome of dry disk of Comatula Solaris, with origins of the ambulacra. (After P.

H. Carpenter.)

1143. Lateral view of young specimen of Tropiometra picta, showing interbrachial perisomic

plates. (After P. H. Carpenter.)

1144. Abnormal disk of Comatella stelllgera with two mouths and two anal tubes. (After

P. H. Carpenter.)

1145. Perisomic interbrachials of Antcdon Wfida. (After W. B. Carpenter.)

1146. Same. (After W. B. Carpenter.)

1147. Disk of Capillaster multiradiata with central mouth. (After P. H. Carpenter.)

1148. Disk of Capillaster multiradiata with excentric mouth.

PLATE 24.

Disks of various comasterids. (After P. H. Carpenter.)

Fio. 1149. Comatula pectinata.

1150. Comaster 'belli.

1151. Comantheria magniflca.

1152. Comanthus parvicirra.

1153. Cowan thina

PLATE 25.

Disks of various comatulids. (After P. H. Carpenter.)

Fio. 1154. Comanthus parvicirra.

1155. Zygometra microdiscus.

1156. Same.

1157. Same.

1158. Pentametrocrinus semperi.

PLATE 26.

Disks of various comatulids. (After P. H. Carpenter.)

FIG. 1159. Perixsometra angusticalym.

1160. Charitometra toasicurva.

1161. Poscilometra acoela.

1162. Antedon bifida, with two mouths.

1163. Atelecrinus lialanoides.

1164. Atelecrinus wyvilUi.

1165. Vertical section through dry disk of Oomatula Solaris.
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PLATE 27.

Adambulacral deposits of various comatuliax.

FIG. 1166. Aglaometra incerta, apparently from a dried specimen. (After P. H. Carpenter.)
1167. Charitometra Itasicurva, lateral view of portion of pinnule mounted in dammar

(After P. H. Carpenter.)
1168. Pachytomctra integualis, lateral view of portion of a pinnule, apparently dried.

(After P. H. Carpenter.)
1169. P<Ecttometra acosla, lateral view of portion of a pinnule, apparently dried. (After P.

H. Carpenter.)

1170. Hathrometra prolixa, lateral view of portion of arm of pentacrinoid at time of first

appearance of pinnules and cirri, with tentacles omitted. (After Mortensen.)
1171. Thalassometra agassixii, lateral view of portion of pinnule, showing skeleton only.

(After Hartlaub.)

1172. Same. (After Hartlaub.)
1173. Antedon biftda, lateral view of growing arm of young pentacrinoid. (After Wyville

Thomson. )

1174. Hathrometra. sarsii. portion of arm of pentacrinoid with six brachials developed.

(After M. Sars.)

PLATE 28.

Eggs and larva; of certain comatulids.

FIG. 1175. Portion of arm of specimen of Comanthvs parvicirra, showing eggs attached to bases

of pinnules. (After P. H. Carpenter.)

1176. Antedon biftila, young embryo seen through vitelline membrane. (After Wyville

Thomson.)
1177. Same. (After Wyville Thomson.)

1178. Same. (After Wyville Thomson.)

1179. Antedon bifida, embryo. (After Wyville Thomson.)

1180. Antedon bifida, dorsal view of embryo shortly after rupture of vitelline luembraiif.

(After Wyville Thomson.)
1181. Antedon bifida, ventral view of a slightly older embryo. (After Wyville Thomson.)

1182. Antedon mediterranea, surface view of larva of fifth day, still in vitelline membrane,

showing the yellow cells. (After Bury.)

1183. Antedon, mediterranea, surface view of free larva of sixth day, from ri^ht side.

(After Bury.)

1184. Antedon mediterranea, surface view of larva of seventh day, from left side. (After

Bury.)
1185. Antedon mediterranea, surface view of larva early on eighth day, from ventral side.

(After Bury.)

Pl.ATK 2J.

Larva; of Antedon.

Fio. 1180. Antedon Mfida, ventral view of embryo shortly before disappearance of ciliated

bands. (After Wyville Thomson.)
1187. Lateral view of same. (After Wyville Thomson.)

1188. Dorsal view of same. (After Wyville Thomson.)
118ft. Antedon bifida, dorsal view of embryo not long after rupture of vitelline membrane.

(After Wyville Thomson.)
1190. Antedon mediterranea, diagram showing arrangement of skeletal plates in larva of

seventh day. (After Bury.)
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PiATE 30.

Lance of Antedon.

FIG. 1191. Antedon bifida, young larva recently attached. (After Wyville Thomson.)
1192. Same, somewhat more advanced. (After Wyville Thomson.)
1193. Antedon bifida, pentacrinoid larva immediately after complete separation of oral

valves, with cup closed. (After Wyville Thomson.)
1194. Antedon mediterranea, larva of tenth day seen aa transparent object ; plates on

farther side of body are omitted. (After Bury.)

PLATE 31.

Larva of Antedon.

FIG. 1195. Antedon bifida, a pentacrinoid before expansion of ventral disk with cup expanded
and showing arrangement of nonextensile tentacles. (After Wyville Thomson.)

1196. Antedon, mediterranea, basal from larva of tenth day. (After Bury.)
1197. Same, an infrabasal from larva of same age. (After Bury.)
1198. One of uppermost columnals from same larva with rudimentary longitudinal proc-

esses. (After Bury.)
1199. One of uppermost columnals from larva of same species of seventh day. (After

Bury.)
1200. Infrabasal from same larva : this would equally well represent a basal some 24 hours

earlier. (After Bury.)

PLATE 32.

Larttf of Antedon bifida. (After Wyville Thomson.)

FIG. 1201. Pentacrinoid larva immediately after complete separation of orals, expanded (fig.

1193.)

1202. Portion of oral disk of same stage in state of complete expansion, seen from above,

1203. Pentacrinoid larva immediately before expansion of ventral disk.

PLATE 33.

Lan-<e of Antedon bifida. (After W. B. Carpenter.)

FIG. 1204. -Group of pentacrinoid larvse in different stages.

1205. Skeleton of early pentacrinoid larva, from dried specimen, showing way in which

calyx at that stage can be completely closed in by folding together of orals.

1206. Skeleton of young pentacrinoid larva, showing incipient development of dorsal cirri,

and radianal being lifted up from between radials.

PLATE 34.

Pentacrinoid larv<e of various comatulids. (After P. H. Carpenter.)

FIG. 1207. CrotaJometra porrecta.

1208. Same.

1209. Same.

1210. Hathrometra prolixa.

1211. Glypt&metra. tuberosa.

1212. Leptometra celtica.

1213. Hathrometra prolixa.

1214. iThaumatometra, sp.

1215. HeHomctra alaciaH.t.
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PLATE 35.

Pentacrinoid lance of Hathrometra sarsii. (After M. Sars.)

FIG. 1216. Pentacrlnoid at stage at which six brachials are present

1217. Pentacrlnoid at stage at which pinnules are just beginning to appear.

1218. Pentaerinoid at stage at which cirri are beginning to appear.

1219. Fully developed pentacrinoid.

PLATE 36.

Pentacrinoid larva of Hathrometra sarsii. (After M. Sars.)

FIG. 1220. Most highly developed pentacrinoid obtained by Professor Sars.

1221. Part of arm of same individual taken from middle.

1222. Summit of column of fully developed individual.

1223. Tip of arm of young pentacrinoid, showing development of first pinnule to appear.

1224. Sixth pinnule of individual shown in fig. 1220.

1225. Disk of fully developed pentacrinoid.

PLATE 37.

FIG. 1226. Pentacrinoid of Heliometra glacialis. (After Levinsen.)

1227. Pentacrinoid of Hathrometra prolixa from Jan Mayen. (After P. H. Carpenter. )

1228. Pentaerinoid of Ptilometra miilleri. (After H. L. Clark.)

1229. Same. (After H. L. Clark.)

1230. Same. (After H. L. Clark.)

1231. Abnormal arm of a specimen of Heliometra glacialis. (After Levinsen.)

PLATE 38.

Pentacrinoid larvw and pinnules of viviparous comattiliiln. (After Th. Mortensen.)

FIG. 1232. Thaumatometra nutria;, a fully grown peutacrinoid attached to third segment of

genital pinnule; in ovary eggs are visible.

1233. Thaumatometra nutrix, genital pinnule with young pentacrinoid attached to pinnule

segment protruding through opening of the m.-irsupiurn.

1234. Thaumatometra nutrix, genital pinnule with two pentnorinoids attached to third

pinnule segment protruding from marsupium.
1235. Thaumatometra nutrix, type specimen, viewed dorsally; on one of arms to the left

Is genital pinnule bearing large pentacrinoid.

1236. Thaumatometra nutrix, genital pinnule with egg in marsupium.
1237. Thaumatometra nutrix, genital pinnule with young pentacrinoid attached to extreme

edge of marsupium.
1238. Iometra viriparrt, jienitMl pinnule viewed ventrally showing slltlike opening of

marsupium.
1239. Isometra vivipara, male genital pinnule.

1240. Isomelra riripara, proximal portion of arm, showing oral pinnules and extra fourth

pinnule,

PLATE 39.

Commensals of Crinoids.

Fios. 1241-1245. rjiifitmmt'lla antednnix. (After Mortensen.)

1246-1248. PachyJasma crinoidophilum. (After Pllsbry.)

1249, 1260. Verruca nltida. (After Hoek.)
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PLATE 40.

Mjjzostomes.

FIGS. 1251-1253. Myzostomum crosslandi. (After Boulenger.)
1254. M. tenuispinum. (After von Graff.)

1255-1262. M. costatum. (After Boulenger.)

1263. M. rubrofasciatum. (After Boulenger.)

PLATE 41.

Myzostomes. (After ran Graff.)

Fio. 1264. M. flUicauda.

1265. M. longicirrum.

1266. M. amUguum.
PLATE 42.

Deformations caused 6j/ myzostomes.

FIGS. 1267-1269. Three views of a cyst of Myzostomum mHemoesii ou arm of Pachylonietru

inccquaUs. (After von Graff.)

1270-1272. Three views of a large cyst of M. tenuispinum on arm of Perissometra angusti-

calyx. (After von Graff.)

1273-1275. Three cysts of M. tenuispinum on arms of Pachylometra inaegualis. (After

von Graff.)

1276. Part of disk and arm bases of specimen of Promachocrinus kerguelensis, showing
cyst of Myzostomum cysticolum, opened in order to show pair of myzo-
stomes. (After Mortensen.)

PLATE 43.

Deformations caused by myzostomes.

FIGS. 1277-1279. Three views of a cyst of Myzustomum defonnator on arm of Endoxocrinus
altemicirnis ; in fig. 1277 the cyst is shown broken open to show septum.

12SO, 1281. Swollen pinnule of Endoxocrinus alternicirrus, inclosing M. defonnator, seen

from both sides.

1282. Portion of arm of Endoxocrinus aJternicirrus, with pinnules of nearer side re-

moved, showing base of enlarged pinnule upon which rests Myzostomum
asymmctricum. (After von Graff.)

1283-1285. Thickened portion of arm of Endoxocrinus alternicirrus inclosing Myzostomum
pentacrini. (After von Graff.)

1286, 1287. Two views of cyst of Myzostomum platypus upon disk of Comanthina schle-

gelii. (After von Graff.)

PLATE 44.

Deformations caused by myzostomes and otherwise. (After von Graff.)

FIGS. 1288-1290.- Three views of portion of arm of Perissometra flexilis containing Myzostomum
beardi.

1291. Malformed pinnule of Pachylometra inasqualis containing Myzostomum wille-

moesii.

1292. Malformed pinnule of Perissometra flexilis containing Myzostomum wille-

moesii.

1293, 1294. Dorsal (1293) and ventral (1294) view of cyst on arm of Conmctinia meri-

dionalis containing Myzostomum cysticolum.

1295. Cyst on ventral surface of arm of Comactinia meridionalis containing Myzn-
stnmiim cysticolum.
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Fios. 1296, 1297. Two views of cyst on arm of Comactinia meridionals containing ifysostomum
cysticolum.

1298, 1299. Two cysts on arm of Pachylometra invqitalte containing Myzostomum tenutepi-

num.

1300. Stalked cyst from disk of Adelometra angustiradia containing Myzostomum
murrayi.

1301. Cyst containing Myzostomum murrayi on specimen of Stiremetra breviradia.

1302-1304. Three views of cyst from arm of Pachylometra iniequalis containing Uyzosto-
mum tenuispinum; flg. 1304 cyst broken open to show the female and the

dwarf male within.

1305. Pinnule cyst not caused by myzostome from specimen of Antedon biflda from

Kenmaes Bay.
1306. Egg-like contents of a pinnule cyst from specimen of Antedon bifida from

Cumbrae: the right side is drawn in surface view, left side in optical sec-

tion with cortical layer and the internal mass.

1307. Pinnule cyst not caused by a myzostome from specimen of Antedon bifida from

off Keumaea Bay.
1308. Three deformities from specimen of an Antedon dredged by the Vettor Pisani

at Gibraltar; a, groove-like deformity; b, pinnule cyst; and c, arm swelling.

PLATE 45.

Fio. 1309. Skeleton of central portion of a young Antedon biflda viewed dorsally with eemtro-

dorsal removed, showing central canal enlarged by absorption of part of original

basals, though nearer cavity of calyx, still contracted by secondary endogenous

growth; primary nerve stems and courses of their derivatives shown. (After

W. B. Carpenter.)

1310. Same, viewed ventrally, with rndianal added. (After W. B. Carpenter.)

1311. Central portion of Leptoinetra, celtica after removal of visceral masa (After P. H.

Carpenter. )

1312. Arm of specimen of Antedon bifida in which the IBn (axillary) is lacking, first bra-

chial of free undivided arm immediately following IBn. (After W. B. Carpenter.)

1313.- Dorsal view of skeleton of terminal portion of arm of mature pentacrlnoid of Antedon

biflda. (After W. B. Carpenter.)

1314. Ventral view of same. (After W. B. Carpenter.)

PLATE 46.

FIG. 1315. Section of gastrula of Antedon mediterranea early on the second day. (After Uury.)

1316. longitudinal vertical section of later gastrula (end of second day) of Antedon

mediterranea, showing formation of mesoblast (After Bury.)

1317. Diagram of structure of adult sacculus. (After Bury.)

131 8. Pyrifonn sues with refractive spherules from sacculi at different ages. (After Bury.)

1.T19. Transverse sections of two pyriform sacs from sacculi taken from adult specimens

of Antedon mediterranea. (After Bury.)

1320. Part of transverse section of eleventh day larva, showing development of sac-

culus. (After Bury.)

1321. Part of transverse section through same region about twentieth day. (After Bury.)

1322. Arm pair of fully grown pentncrinoid of Hathrometra sarsii, showing regenerating

:irm. (After M. S:ir-;. )

PLATE 47.

Vio. 1323. Horizontal section of calyx and arm bases of Antedon bifida, flattened out, showing
axJal camils. (After W. IV Carpenter.)

1324. Central portion of Coma tula pectinatn after removal of visceral mass. (After P. H.

Carpenter.)
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Fio. 1325. Radial pentagon of Antedon biflda after removal of dorBal surface In such a way as

to lay open the radiating axial canals and their intercommunicating branches;

around central space is irregular calcareous network formed by inosculation of

processes sent off from Internal faces of the radinls. (After W. B. Carpenter.)

PLATE 48.

FIG. 1326. Ventral muscle pairs of a young specimen of Antedon bifida. (After W. B. Carpen-

ter.)

1327. Proximal portion of arm pair with the lower pinnules of specimen of Antedon biflda

with soft parts removed, showing disposition of ventral muscles. (After W. B.

Carpenter.)

PLATE 49.

FIG. 1328. Tip and central portion of pinnule of Isometra v-ivipara, showing side and covering

plates.

1329. Side and covering plates along ambulacral furrovr of arm of Notocrinus virttis; the

irregular dark median area represents furrow.

1330. Tip and central portion of a pinnule of Jfotocrinus virilis, showing the side and cov-

ering plates.

1331. Spicules of the tentacles of Isometra vivipara. (After Mortensen.)

PLATE 50.

FIG. 1332. Dorsal view of specimen of Comatulella brachiolata; the stout pinnules with their

tips coiled dorsally are ungrooved ; the much more slender pinnules alternating with

them are grooved.

1333. Specimen of Antedon biftda with regenerating postradial series and IIBr axillary

bearing two arms growing upon the first brachials of the original single arm,
which has been broken off at the synarthry between the first two brachials. (After
W. B. Carpenter.)

1334. Fragments of arms of Antedon biflda from near their termination, showing the elon-

gate and almost cylindrical brachials. (After W. B. Carpenter.)
1335. Skeleton of basal portions of arms of mature pentacrinoid of Antedon biflda, show-

ing the very slightly developed perisomic plates. (After W. B. Carpenter.)
1336. Vertical longitudinal section of an arm of Antedon biflda from near its base, show-

ing arrangement of muscles and ligaments and interruption of these at syzygy.

(After W. B. Carpenter.)

PLATE 51.

Fio. 1337. Sixteen pentacrinoids of Antedon mediterranea attached to the stem of Fucua, sp.

from Naples. X 4.

1338. Pentaerinoid of Antedon mediterranea, from Naples. X 4.

1339. Pentacrinoid of Antedon mediterranea, from Naples. X 4.

1340. Pentacrinoid of Antedon mediterranea, from Naples. X 4.

PLATE 52.

Fio. 1341. Specimen of Capillaster sentosa from Singapore to which is attached an Ophiomaza.
Natural size.

1342. Portion of the column of the type specimen of Mc.tacrinus batheri from the Malay
Archipelago, 160 fathoms, upon which is growing a parasitic hydroid. Natural

size.

1343. Mysoxtomum filifcrum. (After von Graff.)

1344. Mjizostrnnum quadricaudatum. (After von Graff.)
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PLATE 53.

FIG. 1345. An unusually large specimen of Btylometra spinifera from off northern Cuba, 157

fathoms (Albatross Station 2336), with a species of Scalpellum attached to the

cirri. Natural size.

1346. An unusually well-developed specimen of Ptilometra mulleri from Sydney. New
South Wales, with PoJytrcma tiiiniaceum growing on two of the right-hand cirri.

Natural size.

PLATE 64.

FIG. 1347. A specimen of Calyptometra lateralis from off Niihau, Hawaiian Islands, 378-426

fathoms (Albatross Station 4179), showing, on the right profile, a large myzostome

cyst. Natural size.

1348. A twelve-armed specimen of Heliometra maxima from off southeastern Sakhalin, 64

fathoms (Albatross Station 5017).

PLATE 55.

FIG. 1349. Notocrinus ririlis, proximal portion of arm of a fully grown female, showing the

genital papilla? in the angles between the pinnules and the ambiilacrni furrow.

(After Mortensen.)

1350. Notocrinus ririlis, proximal portion of arm of a male showing the swelling produced

by the testes and the small genital pores in the angles between the pinnules and

the ambulacral furrow; the lowest pinnules are ungrooved. (After Mortensen. )

1353. Notocrinus virilis, proximal portion of arm of a female with the ventral surface re-

moved and the marsupia opened so as to show the embryos within them : proximal
to each marsupium is an ovary. (After Mortensen.)

1352. Notocrinus virilis, proximal portion of arm of a male with the ventral surface par-

tially removed to show the size and shape of the testes. (After Mortensen.)

PLATE 56.

Fio. 1353. Pentacrinoid larva of Hathrometra prolixa. (After Mortensen.)
1354. Pentacrinoid larva of Heliometra glacialis. (After Mortensen.)
1355. Pentacrinoid larva of Antedon petaxux. (After Mortensen.)

PLATE 57.

FIG. 1356. Sabinella ptilovrinicola attached to calyx of Ptilocrinus pinnattts. (After Bartscb.)

X li.

1357. Sabinella ptilocrinicola attached to calyx of a large specimen of Ptilocriinix pinnatux,

showing the distortion of the latter. (After Bartsch.) X li.

l.'tnx. Xnbiiwlla iititocrtnicola attached to calyx of J'tilncrinitx pinnatux. (After Bartseh.)

X li.

1359. Sabinella ptUocrinicola. (After Bartsch.) X about 6.

1360. Type specimen of Sabinella ptilocrinimla. (After BartsvlO X about 6.

1361. Sabinella ptilocrinicola. (After Bartsch.) X about 6.

1362. Stilifi'i- (Altirrouttlia) bathymctrir, attached to arm base of liatlijitnetra, sp. (After

Hnrtlaub.) X 4i.

13H3. Portion of disk of specimen of rainnntJiiiia xrhleiii'lH with cysls of Mii:xtniiiniii

platypus. (After P. H. Carpenter.) X 2.

1364. Disk of specimen of Comatula rotalnria with an Isopod visible throujih the anal

openlnp. (After ]-. H. Canx>nter.) X 2.
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basicurva, Charitometra 49,

75, 209, 230, 264, 672, 683

Basicurva group 80, 98, 101, 230

Bathycrinus 82, 160, 162, 176, 580, 613, 618

pacificus
727

Bathymetra 142,618,646

sp 647,685

bathymetrse, Stilifer 614, 647

Stilifer (Mucronalia) 685

Bathymetrinse 63, 170, 724, 743

beardi, Myzostomum 671, 683

bella, Cenometra 131, 595

belli, Comaster 95,

211, 220, 222, 255, 312, 323, 594, 706

Myzostomum 671, 686

bengaleasis, Heterometra 240,

266, 280, 285, 293, 372, 595, 715, 730

benhami, Comanthus 236, 278, 292, 596
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Page.

bennetti, Comanthus 86,

149, 257, 321, 594, 665, 666, 668, 681, 709

Benthopectinidse 143

bethellianus, Hyocrinus 674, 687

bicaudatum, Myzostomum 668, 681

Bicellariidse 650

bifida, Antedon 1, 52, 73, 80, 85, 87, 88, 92, 95,

103, 106, 110, 114, 119, 121, 150,

185, 188, 219, 222, 225, 228, 265,

278, 291, 295, 312, 320, 324, 330,

342, 349, 357, 371, 374, 376, 377,

410, 413, 418, 420, 421, 424, 431,

432, 448, 502, 509, 523, 524, 525,

526, 528, 555, 560, 562, 572, 577,

578, 579, 580, 581, 583, 584, 585,

586, 588, 589, 590, 595, 597, 599,

600, 601, 607, 608, 609, 610, 611,

612, 628, 632, 640, 656, 660, 663,

677, 678, 684, 687, 688, 689, 694,

696, 722, 729, 730, 731, 732, 733,

734, 735, 737, 747, 751, 752, 754

Biloculina 613

bimaculata, Diclirometra 595, 717

binongcensis, Synalpheus carinatus 614,

623, 624, 625

blakei, Actinometra 662

Bonasa umbellata 353

Bopyrus 637

borealis, Psathyrometra 271, 281, 292

Thaumatocrinus 275,

280, 281, 292, 353, 725, 729

BourgueticrLnid;e 82, 164, 580, 727

Bourgueticriiius hotessieri 646, 675

bowersi, Nanometra 65, 67, 77, 267, 729

brachiatum, Myzostomum 663, 667, 680

brachiolata, Comatulella 85,

91, 96, 136, 158, 594, 705, 729

brevicirra, Decametra 595

brevicirrum, My/,ostomum 663, 681

brevipes, Myzostomum 661, 673, 683

breviradia, Stiremetra 48, 75, 673, 683

briareua, Comantheria 205, 234,

278, 292, 594, 706, 730, 731,

732, 733, 734, 735, 736, 754

briseis, Uorometra 596, 723, 730, 731, 732, 736

brocketti, Periclimenes 614

Periclimenes (Cuapetes) 629

Bromoliacefe 615

brucei, Synalpheus 614,

623, 624, 625, 626, 627, 680, 681

bruonea, Cennraetra 595

burchirhii, Myzostomum 669, 6S4

, Arachnocriniis... jo:;

rage.

Bythocrinus 82, 646, 727

robustus 299, 300

sp 647, 648, 675, 687

cacaotica, Ophiomaza 614,

618, 640, 643, 680, 681, 682

var. picta, Ophiomaza 614, 641, 644, 681

Calamocrinus 165, 554, 726, 745, 746

diomedse 727

Caledonia?, Oligometra 147, 595

callista, Calometra 227.

249, 278, 293, 721, 731, 733, 736

Calometra 78

callista 227, 249, 278, 293, 721, 731, 733, 736

discoidea 224, 249, 278, 293, 721, 728, 754

separata. . . 133, 349, 721, 730, 731, 732, 736, 737

Calometrid* 41, 69, 78, 84, 89, 99, 110, 118, 119,

131, 132, 133, 134, 135, 136, 144, 147, 149, 151,

156, 157, 169, 210, 211, 214, 218, 220, 226, 228,

230, 248, 251, 282, 285, 293, 294, 308, 310, 312,

411, 418, 618, 661, 669, 672, 683, 720, 743, 744

Calpiocrinus 204

Calycella syringa 615,676,685

calycotyle, Myzostomum 662, 686

Calyptometra 80, 105, 216

lateralis 197, 223, 260,

279, 293, 338, 371, 374, 425, 722, 729

Camerata 208

Campanulariidae 676

Cancerilla tubulata 636

capensis, Eulima 647

Melanella 614, 616, 648, 681

Capillaster 87, 91, 110, 111, 113, 114, 116, 140

clarki 594, 705, 730, 732, 733, 736, 737

coccodistoma 231, 277, 291, 594

gracilicirra 595

macrobrachius 594

marise 112, 594, 704, 728

multiradiata 6,9,70,95,112,

114, 118, 121, 131, 205, 231, 243,

277, 280, 291, 297, 299, 300, 305,

317, 594, 597, 647, 667, 680, 704,

729, 730, 731, 733, 735, 736, 754

sentoea 6, 8, 9, 71, 83, 92, 95,

130, 205, 231, 243, 277, 291, 317,

341, 594, 597, 643, 644, 680, 754

tenuicirra 595

capillastericola, Kulinia 647

Sabinella 614,648,680

Capillasterinw. ... 4, 211, 218, 312, 594, 596, 703, 743

raprinmlgidK
1 144

( 'apulidse 645

carduum, Pectinometra 134, 249, 251, 278, 293

caribbeanum, Myzostomum 6fi5
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Pago.

carinata, Tropiometra 40, 74

247, 276, 279, 291, 315, 332

416, 595, 597, 664, 683, 719

carinatum, Myzostomum 618,668,680,681,685
carinatus binongcensis, Synalpheus 614,

623, 624, 625

carinatus, Synalpheue 623

Synalpheus carinatus 623

ubianensis, Synalpheus 623

carpenteri, llycrinus 727

Myzostomum 661, 685

Oligometra 147,

148, 211, 247, 281, 291, 596

cataphracta, Ophiomaza 614, 641, 644

Oatoptometra 87, 88, 99, 109, 110, 146,

226, 308, 310, 411, 417, 743

hartlaubi 20, 21, 70,

238, 281, 292, 293, 596, 714, 728, 729

magnifica 238.

278, 291, 596, 714, 730, 731, 732, 736

ophiura 114, 239,

281, 297, 299, 300, 371, 374, 596,

714, 729, 730, 731, 732, 736, 743

rubroflava 238, 596>

714, 730, 731, 732, 736, 740, 745

Cellularia ternata var. gracilis 566

celtica, Leptometi^. . . 272, 280, 292, 303, 372, 528,

577, 578, 579, 581, 584, 585, 589,

608, 659, 662, 684, 724,729, 743

Cenometra 35, 36, 88, 90, 99,

104,145,147,210, 308, 418

bella 131, 595

brunnea 595

cornuta 596

delicata 244, 278,291,

371, 374, 596, 719, 730, 732, 733, 735

emendatrix 213, 418, 595

herdmani 244. 278, 293, 630

unicornis 33, 36, 79,

205, 213, 244, 278, 291, 292, 596, 719

Ceramaster 616

leptoceramus 673

ceratophthalmus, Periclimenes 614

Periclimenes (Laomenes) 629

cerriferoidum, Myzostomum 663, 682, 683

chadwicki, Comiasia 594

Prometra 246, 281, 291, 292,

596, 660, 670, 682, 719, 730, 732, 733, 736

chamberlaini, Eumetra 265, 280,

291, 723, 730, 731, 732, 735, 737

Charitometra 80

basicurva 49, 75, 209, 230, 264, 672, 683

incisa 659, 672, 673, 684

142140 21 Bull. 82 51

1'age.

Charitometridfe 3, 41, 42, 48,

75, 80, 84, 99, 101, 105, 108, 110, 118, 119,

134, 135, 136, 148, 149, 150, 151, 153, 156,

157, 169, 209, 210, 216, 218, 220, 224, 225,

228, 230, 258, 282, 285, 293, 294, 308, 310,

312, 333, 335, 344, 410, 413, 418, 722,743

chelonium, Myzostomum 661, 683

chelonoidium, Myzostomum 661,683
Chilifera 677

chinensis, Oligometra 595

chinesicum, Myzostomum 695

Chlorometra 80, 87, 151,216

garrettiana 184, 264, 279, 722, 729

Cholocrinus 204

Chondrometra 80, 151, 216

aculeata 754

robueta 216, 260, 279

rugosa 297, 299, 300

Chordeumium obesum 636

Ciliata 677

ciliata, Dichrometra 242, 278, 293, 596

cinereus, Priofinus 637

cingulatus, Metacrinus 520,

638, 639, 685, 726, 747, 749

circinatum, Myzostomum 664, 686

Cirolana 617, 619

lineata 614,621,632,681
Cirolanidse 632

cirriferum
, Myzostomum 616,

653, 654, 655, 663, 684, 685

Cirripedia 637

cirripedium, Myzostomum 669, 686

Cladonema 678

clarae, Petasometra 127, 595

clarki, Capillaster. . 594, 705, 730, 732, 733, 736, 737

Myzostomum 671, 686

clausii. Astericola 636

Clausomyzon gracilicauda 636

Cleistocrinus 206

Clidochirus 206

clio, Cyclometra. . . . 271, 281, 292, 724, 733, 736, 737

clymene, Dorometra 596

Nanometra 267, 281

coccodistoma, Capillaster 231, 277, 291, 594

Coccometra 136, 170, 618

guttata 267, 349

hagenii 55, 67, 77, 221, 227. 267, 281, 292,

349, 373, 374, 649, 664, 665, 668, 684, 725

nigrolineata 217, 267, 281, 373, 374

Codium 582

Coelenterata 675

coeruleus, Linckiomolgus 636

Coleoptera 144

lollocheres 617, 636

iollocheres gracilicauda 614, 635, 684
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Page.

Colobometra 36, 99, 140, 147,

156, 158, 184, 209, 210, 211, 217, 310

diadema. . . 145, 147, 226, 227, 310, 312, 346, 595

discolor 33, 72, 246, 269, 281, 293, 595

perspinosa 595, 597, 662, 682

suavis 596

vepretum 226, 246, 281, 293, 346, 595

Colobometridas 35, 78, 99, 103,

105, 110, 118, 119, 139, 140, 144,

146, 147, 148, 151, 169, 211, 214,

225, 226, 228, 244, 282, 293, 308,

310, 418, 595, 596, 719, 743, 744

columnaris. Zenometra 61,

62, 76, 101, 271, 281, 285, 292, 349, 378

Comactinia 176, 211, 312, 557, 587, 606, 618, 744

echinoptera 14, 15, 71, 219. 255, 323,

341, 520, 662, 664, 665, 666, 672, 681

meridionalis 16, 220, 222, 225, 233,

280, 291, 312, 341, 370, 374, 509,

513, 514, 518, 549, 555, 577, 578,

579, 580, 581, 582, 583, 584, 585.

586, 588, 589, 590, 596, 662, 663,

665, 666, 668, 672, 681, 706, 725

Comactiniinse ... 12, 211, 305, 310, 594, 596, 705, 743

Comantheria 109, 110

alternans 86, 108, 109, 594. 707

briareus 205,234,278.292,

594, 706, 730, 731, 732, 733, 734, 735, 736, 754

grandicalyx 594

imbricata 199, 596

intermedia 596

magnifica 594

polycnemis 79, 234, 278, 291, 596

rotula 594

weberi 596, 707

comanthi, Pontoniopsis 614, 621, 629, 681

Comanthina 90, 110, 217, 222

schlegelii 79, 95,

109, 220, 222, 23fi, 257, 278, 312, 323, 341,

376, 586, 594, 670, 671, 681, 708, 728, 754

Comanthus 98, 110, 209, 217, 305, GOG, 618, G29

annulata 236,

278, 291, 371, 594, 597, 604, 624, 625, 626, G28,

629, 631, 632, 633, 642, 643, 644, 650, 655, (i5(i,

681, 709, 728, 729, 730, 731, 732, 736, 743, 754

benhami 236, 278, 292, 596

bennetti 86,

149, 257, 321, 594, 665, 666, 668, 681, 709

japonica 118,

236, 278, 291, 370, 374, 594, 613, 664, 681, 709

novcezealandiae 596

parvicirra 78, 79,

88, 93, 94, 110, 118, 121, 257, 278, 292, 304, 320,

327,330,350,351,375,594, 59(5, 597, 606,622,

027, 631, 059, 660, 661, 662, 663, 664, 666, 675,

681, 713, 729, 730, 731, 732, 733, 734, 735, 754

Page.

Comanthus pinguis 118,

149, 199, 236, 245, 278, 291, 341, 594, 666, 681

plectrophorum 596

samoana 135,

149, 236, 257, 278, 292, 327, 594, 597, 709

solaster 98, 149,

185, 236, 278, 291, 594, 709, 730, 731, 732, 735

tasmanise 370

trichoptera 79,

96, 149, 236, 278, 283, 291, 327, 594

wahlbergii 96,

236, 278, 292, 341, 514, 578, 582, 594, 709

sp 681

Comaster 31,90,91,110,135,142,

163, 167, 169, 175, 176, 209, 217, 222, 305, 586

belli.. . . 95, 211, 220, 222, 255, 312, 323, 594, 706

delicata 234, 278, 596

distincta 234, 255, 278, 292, 323, 596

fruticosus 15, 16, 71,

95, 175, 234, 278, 292, 596, 706, 728

gracilis 594

minima 106, 234, 278,

291, 292, 596, 706, 730, 731, 733, 736

multibrachiata 234,

255, 278, 280, 292, 341, 594, 754

multifida 175, 220, 312, 594

novaeguinese 83, 87, 90,

175, 176, 220, 233, 277, 292, 312,

341, 594, 597, 599, 659, 681, 70G

parvus 17, 20, 71, 79,

199, 234, 257, 278, 292, 323, 341,

596, 706, 730, 731, 732, 733, 735

pulcher 596

schonovi 594

serrate 341, 596, 706, 728, 743

sibogse 596

taviana 175, 207, 234, 278, 292, 596, 706

Oomasterid* 4, 23,

70, 78, 93, 94, 95, 96, 97, 98, 103, 110,

118, 131, 132, 135, 136, 138, 142, 143,

144, 146, 148, 149, 150, 151, 156, 157,

169, 178, 201, 209, 210, 211, 212, 214,

226, 228, 230, 231, 282, 284, 293, 294,

304, 305, 306, 307, 308, 310, 312, 314,

315, 316, 330, 333, 336, 339, 340, 343,

344, 352, 354, 355, 417, 518, 586, 592,

594, 595, 596, 603, 606, 619, 644, 703

Comasterinae 16, 113,

135, 211, 594, 596, 705, 743, 744

Comastrocrinua 176, 195, 410

asper 726

comata, Zygometra 19, 20, 70,

83, 88, 238, 280, 284, 292,

346,366,595,674,682,714
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Page.

Comatella 88, 89,

90, 91, 113, 114, 116, 156, 167, 169, 211

decora 595, 704, 728

maculata 7, 71,

83, 231, 277, 291, 594, 597, 602, 604

nigra 5, 6, 70, 83, 90, 205, 231,

235, 237, 277, 291, 309, 330, 348, 369, 374,

594, 597, 667, 680, 703, 730, 731
, 732, 735

stelligera 7, 70,

83,231,277,291,309, 594, 597, 604,

659, 660, 680, 704, 732, 734, 736, 755

Comatilia 40, 138, 144,

156, 169, 184, 284, 303, 305, 312, 619

iridometriformis 11, 15, 73, 98,

195, 197, 207, 222, 225, 232, 245,

280, 285, 292, 317, 341, 353, 378

Comatonia 144, 214, 305, 619

cristata 232, 281, 284, 292, 293, 372, 595

Comatula 31, 87, 96,

114,151,156,163,167,176,

178,211,214,217,310,656
cratera 594

dubia 664

etheridgei 124, 183, 194, 195, 596

micraater 13, 15, 71, 95, 207, 255, 319, 341

pectinata 12, 15, 71, 86,

95, 100, 102, 176, 177, 233, 245, 250,

280, 291, 292, 341, 519, 594, 597, 705

purpurea 95, 176, 177,

250, 319, 329, 594, 597, 598, 604,

605, 626, 643, 680, 692, 705, 729

rotalaria 12, 71, 79, 91, 124, 178, 199, 233,

245, 280, 294, 307, 319, 320, 341, 344, 594,

620, 632, 658, 659, 680, 705, 729, 730, 750, 754

solans 12,70,91,

94, 176, 177, 205, 207, 220, 233, 245, 280,

294, 319, 350, 351, 519, 594, 597, 620, 632,

644, 658, 659, 660, 661, 665, 666, 668, 680

tenuicirra 596

triqueta 660, 664, 665, 666, 667

sp 661, 662, 664

comatulae, Ascomyzon 635, 636

Enterognathus 614, 636, 684

Hemispeiropsis 678

Comatularum group 623

comatularum, Alpheus 620, 624

Synalpheus .... 614, 618, 621, 623, 624, 625, 681

Comatulella brachiolata 85.

91, 96, 136, 158, 594, 705, 729

comatulicola, Stylina 614, 616, 646, 648, 684

Comatulides 12, 619

australis 233, 277. 291

decameros 341

Page.

Comissia 156, 211, 305, 587

chadwicki 594

hartmeyeri 514, 582, 594, 597

hispida 595, 705, 728

horridua. J 595, 705, 729

ignota 594, 597

littoralis 232, 277, 291,

370, 374, 513, 578, 579, 580, 581, 582,

584,585, 586, 588, 589, 590, 594, 597

lutkeni 197, 232, 277,

292, 595, 705, 730, 732, 733, 735, 737

pectinifer 594

peregrina... 211, 232, 245, 595, 705, 729, 732, 737

scitulus 705, 729, 743

spanoschistum 369, 374, 595

spinosissima 595

commenealis, Periclimenes 614, 629, 681

Perirlimenes (Periclimenes) 628

compressa, Parametra 754

cornpressum, Myzostomum 662, 686

Compsometra 140, 599

incommoda 265, 281, 293

iris 596

loveni 52, 53,

76, 265, 281, 292, 373, 374, 375, 527,

577, 578, 579, 581, 584, 585, 589, 595

serrata 221, 227, 229, 527, 581, 595

compta, Heterometra. . . 207, 240, 261, 280, 293, 596

conaminis, Neometra 249,

278, 293, 405, 720, 730, 731, 733, 736, 737

concinna, Crinometra 53,

75, 216, 223, 297, 299, 300. 338

Eumorphometra 271, 280, 292, 378

consobrinus, Synalpheus 623

Copepoda 635

Corallina 598

Corals 676

cordatum , Echinocardium 679

coriaceum. Myzostomum 662,682

cornuta, f'enometra 596

cornutum, Myzostomum 618, 667, 685

cornutus, Periclimenes 614

Periclimenes (Laomenes) 629

coronatum, Myzostomum 668,686

Coscinodiscus 612

Cosmiometra 80, 88, 105, 212, 214, 217, 253

aster 159,211,721,728

crassicirra 155, 252, 279, 291, 405

delicata 157, 253, 279

philippinensis 721, 728

costatum, Myzostomum 660, 680, 681, 682

costatus, Metacrinus 638, 639, 664. 686, 726, 749
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Page.

Cotylometra 99, 140, 184, 210, 217

gracilicirra 214, 246, 281, 293, 595

ornata 129, 210, 214, 273, 596

Craspedometra 87,

88, 99, 109, 125, 131, 145, 148, 210

acuticirra 25,

26, 83, 88, 239, 261, 280, 293, 346, 595

crassicirra, Cosmiometra 155, 252, 279, 291, 405

craeaspina, Ophiothrix 646

cratera, Comatula 594

crenatum, Myzostomum 663, 681

crenulata, Heterometra 131, 147,

148, 209, 211, 217, 239, 261, 280, 291,

346, 595, 664, 665, 667, 668, 682, 715,

729, 730, 731, 732, 733, 734, 735, 736

crinoidicola, Polynoe 614, 650

crinoidophilum, Pachylasma 615, 639, 685

Crinometra 80, 88, 103, 105, 109, 110, 121, 151,

156, 169, 210, 212, 214, 216, 217, 413, 618, 648

concinna 53, 75, 216, 223, 297, 299, 300, 338

gemmata 212, 338

imbricata 223, 335

insculpta 48, 262, 279, 338, 663, 683

marparitacea 216, 338, 349

mortenseni 287

pulchra 338

ep 648, 661, 683

Crisia denticulata 565, 569

cristata, Comatonia 232,

281, 284, 292, 293, 372, 595

Stenometra 254,279,392

croselandi, Myzostomum 670, 682

Cioseometra 80, 101
,

109, 110, 129, 151, 180, 210, 216, 217

helius 258,259,279,419

investigatoris 216, 289, 335

eeptentrionalis 335

Crotalometra 80, 110

(lava 150, 287, 721, 728

porrecta 521, 522, 577, 578, 579, 580

581, 583, 584, 585, 588, 590, 721, 728

rustics 215

Crustacea 623

crustaceans, Undetermined 614,631,640

cryptopodium, Myzostomum 671, 686

Ctenosculum 645

(I'uapetoa) brocketti, Fericlimenes 629

pott*i, Fericlimenes 629

cubanum, Myzostomum 670

cubensis, Trichometra 62, 65, 77,

101,275,281,285,292,362

Cuspidella, sp 615,676,685

Page.

Cyclochseta asterisci 678

ophiothricis 678

Cyclocirra thompsonii 656, 663

Cyclometra clio 271, 281, 292, 724, 733, 736, 737

Cyclotelson 617

purpureum 614, 621, 633, 681

Cyllometra 36, 88, 99, 104,

139, 140, 145, 147, 184, 210, 217, 308

albopurpurea 33, 37, 75, 108,

147, 244, 278, 280, 281, 284, 291, 292,

366, 596, 719, 730, 732, 733, 735, 736

anomala 108

disciformis. . . 37, 75, 244, 278, 281, 292, 595, 597

gracilis 596

manca 147, 596, 669, 682, 754

soluta 273,596

Cymothoidse 632

cynips, Ophiuricola 658, 675

Cyplopicera gracilicauda 635, 636

cypris, Thaumatometra 667, 685

cysticolum, Myzostomum . . . 616, 618, 672, 681, 685

var. cystihymenodes, Myzostomum . . 672, 685

var. orientale, Myzostomum 672, 683

Dactylocrinus 204

Daidalometra 80,132,169,214

arachnoides 349, 595, 721, 728

hana 153,256,258,

279, 721, 728, 730, 731, 733, 736, 737

deani, Myzostomum 670, 685

Decametra 99. 140, 145, 147, 148, 184, 210

aland* 596

arabica 595

brevicirra 595

informis 596

lavipinna 595

minima 596

modica 595

mollis 595

mylitta 246, 280, 281, 293, 596

parva 240, 281, 201, 293, 596

Btuderi 147, 596

taprobanes 244, 2(>9, 281, 293, 595

tigrina 246, 281, 292, 595

Decapoda Anomura 630

Macrura 623

decora, Comatolla - 595, 704, 728

decorus, leocrinus 83,

299, 300, 313, 315, 321, 330, 343, 344, 860

351, 612, 638, C41, 658, (ills, li.sti, 72(i, 7L7

defecta, Hypalometra ... M,

76, 221, 207, 1M, 285, 293, 3iiL'

defloxifrons, (ialathea 620, (i30
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deformator, Myzostomum 672, 686

Delesseria sanguinea 503

delicata, Cnometra 244,

278, 291, 371, 374, 596, 719, 730, 732, 733, 735

Comaster 234, 278, 596

Cosmiometra 157, 253, 279

Ophiactis 614, 641, 642, 681

delicatissima, Maiiametra 244,

281, 291, 596, 718, 730, 731, 734, 736

Democrinus 82

rawsonii 727

dentatum, Myzostomum 665, 680, 681, 682

Prorocentrum 677

denticulata, Crisia 565, 569

Homalometra 101,

240. 280, 291, 596, 659, 715, 730, 732, 733, 736

deposita, Ophiothrix 646

diadema, Colobometra 145,

147, 226, 227, 310, 312, 346, 595

diana, Neometra 130, 216

diceratum, Scalpellum 614, 621, 638, 686

Dichrometra 88, 99, 118, 145, 147, 148, 210, 214

afra 595, 597

bimaculata 595, 717

ciliata 242,278,293,596
doderleini 114, 223,

242. 281, 291, 292, 595, 717, 730, 731, 732, 735

dofleini 596

flagellata 95, 242, 278, 291, 346, 595, 597

tenuicirra 596

Didemnum 290

difficilia, Palaeocomatella 754

digitata, Synapta 679

digitiformis, Uronema 677

Dinoflagellata 677

diomedoe, Calamocrinus 727

diomedeae, Pentametrocrinus 725, 729

Perometra 39, 53, 56, 74, 104,

140, 227, 267, 284, 362, 724, 731, 733, 735, 737

disciformis, Cyllometra 37,

75, 244, 278, 281, 292, 595, 597

discoides, Amphimetra 147,

165, 205, 216, 223, 229, 241, 266, 280, 285, 291,

372, 597, 599, 715, 730, 731, 732, 733, 735, 745

Calometra 223, 249, 278, 293, 721, 728, 754

Nemaster 6, 9,

71, 232, 243, 277, 311, 661, 680, 705, 725

discolor, Colobometra 33,

72, 246, 269, 281, 293, 595

distincta, Comaster 234, 255, 278, 292, 323, 596

Pachylometra. . 199, 259, 260, 279, 335, 405, 412

Distoma myzostomatis 675

ioderleini, Dichrometra 114, 223

242, 281, 291, 292, 595, 717, 730, 731. 732. 735

Page.

dofleini, Dichrometra 596

Doris 678

Dorometra 141

segyptica 596

briseis 596, 723, 730, 731, 732, 736

clymene 596

gracilis 596

mauritiana 595,

664, 684, 723, 731, 732, 733, 735, 743

nana 298, 349, 595,

596, 597, 607, 723, 730, 731, 732, 733, 735, 743

parvicirra 265, 366, 595

dorsalis var. indicus, Arete 623

Drosophila 144

diibenii, Antedon 312,595,597,744

dubia, Antedon 664

Comatula 664

dubium, Myzostomum 664, 682

duplex, Horeeometra 227, 673, 683

Echimaster sepositus 677

echini, Uronema 677

Echinocardium cordatum 679

flavescens 679

Echinocheres globosus 636

minutus 636

violaceus 636

Echinoderma 640

Echinometra mathsei 623

echinoptera, Comactinia 14, 15, 71, 219
,

255, 323, 341, 520, 662, 664, 665, 666, 672, 681

Echinus 591, 591

microtuberculatus 590

echinus, Myzostomum. . 659, 680, 681, 682, 683, 684

Stephanometra 79, 145, 147,

207, 241, 266, 278, 293, 595, 597, 674, 715, 729

electrae, Oligometra 596

Elegans group 230

elegans, Galathea 614, 618, 621, 630, 681

Myzostomum 618, 666, 681

Ophiosethiops 614, 641, 644

Zygometra 238,

278, 291, 346, 595, 620, 658, 659, 667, 682, 714

elongata, Balanometra 724, 731, 733, 735, 736

elongatum, Myzostomum 665, 682

emendatrix, Cenometra 213, 418, 595

encrinus, Tropiometra 33, 38, 39, 74, 595

Endoxocrinus 90, 162, 345, 410, 613

alternicirrus 638,

639, 662, 664, 670, 671, 672, 686, 726, 747, 749

parra 79, 299, 300, 726, 727

wyvillethomsoni 160, 343, 726, 745

ensifer, Amphimetra. . . 26, 29, 72, 104, 216, 228, 595

Enterognathus 616, 617

comatula? 614, 636, 684
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Enteropneusta 623

Enteroxenos 645

Entocolax 645

Entoconcha 645

Eolis 678

Epimetra 99, 139, 308

eremita, Myzostomum 671, 686

erinacea, Oligometra 596

Oxymetra 595

erythrizon, Psathyrometra 79, 221, 724, 729

Erythrometra 140, 141, 184, 225, 312

auetralis 267, 281, 285, 292, 362, 724

ruber 53,57,76,

267, 281, 292, 329, 349, 724, 730, 731, 733, 735

Eschrichti group 230

etheridgei, Comatula 124, 183, 194, 195, 596

Euantedon moluccana 596

sinensie 596

tahitiensis 595

eucnemis, Gorgonocephalus 616, 658, 674

Eudiocrinus 81,

87, 105, 106, 107, 116, 136, 138, 146, 148, 183,

217, 226, 292, 304, 308, 310, 312, 411, 417, 590

gracilis 109, 596

indivisus 238, 280, 596

junceus 238, 280, 293, 366, 596

ornatue 20, 22, 70, 111, 209, 261, 346, 596

pinnatus 238, 280, 284, 293, 366, 596

serripinna 207, 596

variegatus 79, 207, 596

venustulus 112,238,280,293,596
Eulima 647

capensis 647

capillastericola 647

ptilocfinicola 646, 647

Eumetra 141, 210

chamberlain! 265,

280, 291, 723, 730, 731, 732, 735, 737

Eumorphometra 284

concinna 271, 280, 292, 378

hirsuta 642, 684

eupedata, Aglaometra.. . 179, 216, 258, 279, 721, 729

europseus, Pentacrinus 431, 432, 656

I'uryocrimiB 204

Eutaxocrinus 204

evermanni, Myzostomum 666, 681

excisum, Myzostomum 618, 665, 684, 685

explicate, Fariometra 275, 278, 292

Extracrinus 116

falcatua, Synalpheus 624
Fariometra explicata 275, 278, 292

lastigatum, Stegopoma 615, 676, 685

Page.

filicauda, Myzostomum 668, 684

filiferum, Myzostomum 668, 682

fimbriaturn, Myzostomum 665, 685

finschii, Oxymetra 95,

122, 242, 278, 281, 291, 292, 595

fisheri, Myzostomum 673

Parametra 164, 721, 730

fissum, Myzostomum 667, 682, 683

Fistulata 206

flagellata, Dichrometra 95,

242, 278, 291, 346, 595, 597

flagellifera, Mastigometra ; 349, 595

flava, Crotalometra 150, 287, 721, 728

flavescens, Echinocardium 679

flavopurpurea, Pectinometra 197, 251, 278, 293,

349, 720, 730, 731, 732, 733, 734, 735, 736, 737

Plexibilia 125,

160, 194, 195, 198, 200, 201, 202, 204, 509, 557

Impinnata 191, 192,194

flexilis, Perissometra 644, 671, 672, 683, 754

flora, Heterometra 595

Florometra 142, 230, 618, 726

asperrima 58,

60, 62, 66, 74, 85, 221, 227, 270, 281, 285,

292, 297, 298, 299, 300, 362, 672, 724, 729

laodice 221, 270, 281, 285, 292, 362, 724, 729

magellanica 271, 281, 292, 298, 303

mariie 221, 270, 281, 292, 724, 729

perplexa 60,

62, 74, 79, 107, 303, 670, 685, 724, 729

serratissima 271,

281, 285, 292, 362, 581, 670, 685, 724. 729

tanneri 60

Flustra foliacea 753

Flustracea 503

foliacea, Flustra 753

folium, Myzostomum 669, 682

Foraminifera 613. 679

Forbesiocrinus 204

fragilis, Monachometra 262, 279, 286, 399
. Ophiothrix 678

Psathyrometra 61, 62,

77, 271, 281, 292, 299, 300, 373, 374, 724, 729

fniticosa, Lafoea 614, 676, 685

fruticosus, Cornaster 15,

16, 71, 95, 175, 234, 278, 292, 596, 706, 728

Fucus aerratus 600

vesiculosus 600

furcatum, Myzostomum 668

Galathea 617, 619

deflexifrons 620, 630

elegans 614,618,621,630,681
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Galathea inflata 614, 631, 681

longirostris 630

minuta 614,631,681

Galatheidae 630

garrettiana, Chlorometra 184, 264, 279, 722, 729

Gasteropoda 645

Gasterosiphon 645, 646

Gemellaria loricata 615, 650, 685

geramata, Crinometra 212, 338

Gephyra 676

Gephyrocrinus 162, 165

grimaldii 707

Gephyrometra propinqua 249,

278, 293, 720, 730, 731, 734, 735

vereicolor 720, 730, 731, 733, 736

Gerardia 616

gibbosa, Asterina 678

gigantea, Oceanometra 83, 105,

108, 168, 214, 215, 227, 229, 256, 258, 279,

288, 292, 419, 721,729, 730, 731, 733, 737,

'

giganteum, Myzostomum 660, 685

gigas, Myzostomum 618,660,683,685

glabrum, Myzostomum 654, 655, 660

glacialis, Heliometra 77, 91,

95,193,197,217,223,229,230,268,279,280,

281, 289, 292, 313, 314, 316, 320, 326, 328,

330, 331, 333, 337, 342, 345, 347, 348, 350,

351, 355, 358, 408, 521, 528, 529, 577, 578,

579, 580, 581, 582, 583, 584, 585, 587, 588,

589, 590, 622, 640, 650, 660, 665, 685,

724, 729, 730, 731, 732, 734. 735, 737

Marthasterias 636, 677, 678

Globigerina 613

globosus, Echinocheres 636

Glyptometra 87, 105, 109, 110, 151, 169, 210, 214, 217

tuberosa 216, 260, 279, 385, 523, 577, 578,

579, 580, 581, 584, 585, 588, 674, 683

Gnorimocrinus 204

Goniasteridte 673

gonionotum, Scalpellum 614, 638, 685

gorgonia, Neometra 249,

278, 293, 405, 720, 731, 733, 735

Gorgonocephalidse 641, 674

Gorgonocephalus arcticus 616, 658, 674

eucnemis 616, 658, 674

gracile, Arceosoma 636

gracilicauda, Clausomyzon 636

Collocheres 614, 635, 684

Cyplopicera 635, 636

gracilicirra, Capillaster 595

Cotylometra 214, 246, 281, 293, 595

gracilis, Aetrocharis 636

Page.

gracilis, Cellularia ternata var 566

Comaster 594

Cyllometra 596

Dorometra 596

gracillima, Psathyrometra 271, 281, 292, 298

Eudiocrinus 109, 596

graffi, Myzostomum 661, 674, 685

grandicalyx, Comantheria 594

grandis, Liparometra 596

Nemaster 232, 280

granularie, Sphserechinus 590

granulate, Parametra. . . 256, 279, 297, 299, 300, 435

Granulifera group 80, 98

gravieri, Heterometra 595

Gregarinida 679

grimaldii, Gephyrocrinus 727

group, Basicurva 80, 98, 101, 230

Comatularum 623

Elegans 230

Eschrichti 230

Granulifera 80, 98

Milberti 101

Parvicirra 78

Spinifera 80, 98

Valida 78

guttata, Coccometra 267, 349

gyges, Lamprometra 145, 223,

229, 244, 280, 595, 597

hagenii, Coccometra.. 55,67,77,221,227,267,281,

292, 349, 373, 374, 649, 664, 665, 668, 684. 725

Halilophus mirabilis 623

Halimeda 582, 598

Halosydna 678

hana, Daidalometra 153,

256, 258, 279, 721, 728, 730, 731, 733, 736, 737

Harmocrinus 204

hartlaubi, Catoptometra 20, 21,

70, 238, 281, 292, 293, 596, 714, 728, 729

hartmeyeri, Comissia 514, 582, 594, 597

Hathrometra 140,

146, 170, 191, 196, 553, 576, 584, 587, 744

prolixa 57, 62, 63, 77, 230, 274

281, 285, 292, 303, 362, 530, 535, 537, 539, 549

559, 562, 573, 577, 578, 579, 580, 581, 582, 583

584, 585, 587, 588, 589, 590, 649, 650, 651, 660

661, 663, 676, 679, 685, 724, 730, 732, 733, 735
sarsii 228, 275,

281, 330, 374, 524, 525, 529, 530, 561, 562,

564, 567, 572, 573, 577, 578, 579, 580, 581,

583, 584, 585, 587, 588, 590, 725, 732, 736
tenella 63,

64, 65, 66, 67, 77, 221, 274, 281, 292, 299, 300,

301, 349, 563, 577, 578, 579, 580, 581, 583, 584,

585, 587, 589, 590, 724, 731, 732, 733, 735, 743
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hawaiiensis, Thalassometra 175

helianthoides, Petasometra 596

Heliometra 85, 142, 170, 196, 224, 230, 302, 316,

331, 332, 347, 365, 375, 403, 553, 584, 618

glacialis 77, 91, 95, 193,

197, 217, 223, 229, 230. 268, 279, 280, 281, 289,

292, 313, 314, 316, 320, 326, 328, 330, 331, 333,

337, 342, 345, 347, 348, 350, 351, 355, 358, 408,

521, 528, 529, 577, 578, 579, 580, 581, 582, 583,

584, 585, 587, 588, 589, 590, 622, 640, 650, 660,

665, 685, 724, 729, 730, 731, 732, 734, 735, 737

maxima 81, 86, 268, 281, 292, 296, 299, 300

Heliometrinse.. 3, 58, 81, 103, 131, 135, 141, 144, 149,

150, 170, 216, 282, 304, 312, 724, 743

helius, Crossometra 258, 259, 279, 419

Hemieuryalidte 641

Hemispeira asteriasi 678

Hemispeiropsis 617

antedonis 614, 678, 684

coraatulii: 678

Henricia 637

sanguinolenta 547, 550, 554

hepburniana, Strotometra 192, 264, 722, 729

herdmani, Cenometra 244, 278, 293, 630

Heterocentrotus mamillatus 623

Heterometra 87, 88, 99, 109, 110, 118, 125,

130, 131, 145, 148, 158, 210

affinis 595, 715, 730, 732, 733, 736

africana 595

am boin:r> 595

aspera 209, 595

ater 595

bengalenaia 240,

266, 280, 285, 293, 372, 595, 715, 730

compta 207, 240, 261, 280, 293, 596

crenulata 131, 147, 148, 209, 211, 217,

239, 261, 280, 291, 346, 595, 664, 665, 667, 668,

682, 715, 729, 730, 731, 732, 733, 734, 735, 736

flora 595

gravieri 595

joubini 595

madagascarenflis 595

nematodon 595, 714, 731, 732, 734, 735, 737

pbiliberti 20,

28, 72, 131, 217, 239, 261, 280, 29H, 595

producta 95, 148, 211

propinqua 595, 596

pulchra 240, 280, 291, 596

<|iiinduplicava 108, 110,240,280,293,

297,299,300,519,520,595

reynaudii 26, 27, 72, 240, 261, 280,

293, 595, 643, 647, 648, 682

Page.

Heterometra savignii 239, 261,

280, 293, 595, 622, 642, 645, 660, 670,

682, 715, 730, 731, 732, 733, 735, 736

schlegelii 595

singularis 207, 261, 595

variipinna 595

Himanthalia 600

lorea 600, 612

Himerometra 88, 90, 95, 99, 109, 110, 118,

130, 131, 145, 146, 147, 181, 194, 196, 209, 228

bartschi 146, 239, 280, 293, 595

magnipinna 205,

207, 278, 291, 346, 595, 714, 730

martensi 25, 26, 70, 79, 89, 118,

180, 185, 227, 229, 239, 261, 281, 291, 346, 595

persica 146, 207, 261, 595

robustipinna 207, 239, 278, 291, 346, 595

sol 596

Himerometridse 23, 25, 78, 90, 99, 101, 103,

110, 118, 119, 144, 146, 148, 169, 209, 210

211, 214, 225, 228, 239, 282, 284, 293, 294,

308, 310, 312, 417, 595, 596, 714, 743, 744

Hippasteria 637

Hippolyte 627, 628

sp 615,628

Hippolytidse 628

hirsuta, Eumorphometra 642, 684

hispida, Comissia 595, 705, 728

Holopodidse 410, 726

Holopus 164, 376, 517, 726

rangii 726, 755

Holothuria 646

tubulosa 679

holothurup, Syncystis 679

Holotrichous irifiiBorian 614, 617

Homalocrinus 204

Homalometra 131, 743

denticulata 101,

240, 280, 291, 596, 659, 715, 730, 732, 733, 736

Honcometra 80, 151

duplex 227, 673, 683

horologium, Myzostomum 620, 658, 680, 682

horrida, Alecto 725

horridus, Comissia 595, 705, 729

hotessieri, Boxirgueticrinus 646, 675

hupferi, Antedon 298, 595

Hybocrinus 206

Hybometra senta 596

hydroid, Parasitic 615, 687

ITyprosoma petersi 636

llymenaster 637

hyocrini, Stelechopus 674, 687
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Hyocrinua 162, 165, 562

bethellianus 674, 687

Hypalocrinus 195, 410

naresianus 86,

299, 300, 638, 639, 664, 686, 726, 747, 749

Hypalometra 101, 139, 142, 184

defecta 53, 76, 221, 267, 281, 2S5, 293, 362

hyperborea, Pectinaria 566

Hyponome sarsii 417, 612

Ichthyocrinus 206

ignota, Comissia 594, 597

Ilycrinus 82, 160, 162

australis 662, 668, 674, 686

carpenter! 727

imbricata, Comantheria 199, 596

Crinometra 223, 335

Oligometra 273, 595

impinnata, Antedon 184, 195, 618, 665, 668, 685

impinnata, Flexibilis 191,192,194

inaequalis, Pachylometra 49,

75, 230, 260, 659, 667, 672, 683

incerta, Aglaometra 152, 230, 258

incisa, Charitometra 659, 672, 673, 684

incommoda, Compsometra 265, 281, 293

indica, Andrometra 298

Stephanometra 147, 595, 597

Tropiometra 248, 281, 291, 292, 595, 597

indicus, Arete dorsalis var 623

indivisus, Eudiocrinus 238, 280, 596

inflata, Galathea 614,631,681

inflator, Myzostomum 618, 673, 680, 684

informis, Decametra 596

infusorian, Holotrichous 614, 617

inhaarens, Synapta 678, 679

insculpta, Crinometra 48, 262, 279, 338, 663, 683

insignis, Antedon 662

Ophiosphaera 614, 641, 644

intermedia, Comantheria 596
Prometra 596

intermedium, Myzostomum 667, 682

internal worm, Parasitic 617, 681

interruptus, Metacrinus 638, 639, 649, 671, 686

investigatoris, Crossometra 216, 289, 335

iowensis, Nemaster 112, 197, 230, 232,

243, 280, 311, 594, 661, 680, 705, 725, 729, 745
Iridometra

141^ 210

adrestine 221, 227, 265, 281, 291

melpomene 265

281, 291, 633, 634, 684, 723, 731, 734, 736

iridometrae, Laphystiopsis 614, 634, 684

iridometrifonnis, Comatilia 11
)

15, 73, 98, 195, 197, 207, 222, 225, 232,'

245, 280, 285, 292, 317, 341, 353, 378

Page.

iris, Compsometra 596

irregulare, Myzostomum 665, 681

irregularis, Nemaster 112, 594

isis, Trichometra 725, 729

Isocrinus ]16,

176, 294, 321, 330, 339, 340, 342, 345, 351,

359, 410, 411, 417, 430, 612, 613, 641, 755

asteria 641, 686, 755

decorus 83,

299, 300, 313, 315, 321, 330, 343, 344, 350,

351, 612, 638, 641, 658, 668, 686, 726, 727

Isometra 151, 284

vivipara 153,

230, 274, 279, 281, 292, 365, 367, 368,

369, 375, 409, 410, 510, 528, 582, 613

Isopoda 632

jacquinoti, Amphimetra 595

japonica, Comanthus 118,

236, 278, 291, 370, 374, 594, 613, 664, 681, 709

Oligometra ]47, 595

japonicum, Myzoatomum 618, 669

japonicus, Pentametrocrinus 67, 68, 76,

275, 277, 280, 281, 292, 299, 300, 374, 725, 729

jonstoni, Astropecten 678

joubini, Heterometra 595

junceus, Eudiocrinus 238, 280, 293, 366, 596

kfempferi, Macrocheira 576

Kallispongia archeri 521, 527

kerguelensis, Promachocrinus 58, 77, 81,

268, 278, 279, 280, 285, 293, 297,

299, 300, 347, 378, 530, 532, 533,

538, 541, 545, 549, 553, 557, 577,

578, 579, 580, 581, 583, 584, 585,

587, 588, 589, 590, 724, 729, 730

labiatum, Myzostomum 659, 683

laevigata, Linckia 636

lasvipinna, Amphimetra 595
Decametra 595

hevis, Nepiometra 754
Lafoe'a fruticosa 614, 676, 685

Laminaria 503, 600

Lamprometra 88, 99, 118, 145, 147, 148, 210

gyges 145, 223, 229, 244, 280, 595, 597

palmata 244,269,

278, 291, 292, 595, 597, 622, 650, 660, 682,

718, 728, 729, 730, 731, 732, 733, 735, 736

Vpalmata 732, 733

protectus 26, 34, 72,

123, 124, 138, 199, 244, 269, 278,

293, 346, 519, 520, 580, 595, 597,

659, 665, 667, 682, 717, 730, 731,

732, 733, 734, 735, 736, 737, 743

?protectus 577,
578. 579, 580, 583, 584, 585, 589, 590, 732
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Lamprometra ?sp 518

laodice, Florometra 221,

270, 281, 285, 292, 362, 724, 729

(Laomenes) ceratophthalmus, Periclimenes . 629

cornutus, Periclimenes 629

Laphystiopsidse 634

Laphystiopeis 617, 618, 620, 634

iridometrse 614, 634, 684

planifrons 634, 635

?sp 682

Laridse 746
larval cirripede, Obscure 639

Larviformia 206

lata, Perissometra 216,

223, 259, 260, 279, 329, 722, 729

lateralis, Calyptometra 197, 223,

260, 279, 293, 338, 371, 374, 425, 722, 729

Lecanocrinus 204

Lepadidae 638

lepida, Asterometra 149

Lepidoptera 144

leptoceramus, Ceramaster 673

Leptometra 77, 101, 141, 148, 562, 743, 744

celtica 272, 280,

292, 303, 372, 528, 577, 578, 579, 581, 584,

585, 589, 608, 659, 662, 684, 724, 729, 743

phalangium 221

227, 272, 373, 374, 375, 528, 582^

659, 662, 684, 696, 724, 729, 743

Leptonemaster 156, 169, 211

venustue 6, 10, 70, 73,

106, 197, 232, 245, 280, 284, 292,

293, 305, 341, 366, 594, 705, 725

levigata, Pachylometra 335, 722, 729

Lichnophora auerbachii 678

Liohnophoridfe 678

Linckia loevigata 636

Linckiomolgus ccrruleus 636

lineata, Cirolana 614, 621, 632, 681

Ncmaster 243, 311, 594

Sigsbeia 641, 643

Liparometra 99, 145,210,417
articulata 145, 595

grandis 596

regalis 595, 597

Lisaomotra 80, 105

alboflava 161, 721, 730, 731, 733, 736

Lithocrimis 204

Lithocystis schneideri 679

littoralis, Comissia 232,

277, 291, 370, 374, 513, 578, 579, 580, 581,

582, 584, 585, 586, 588, 589, 590, 5!M,.
r
.!(7

lividus, Paracentrotus 590, 030, 677

lobatula, Trunratulina 615, 622, 679, 685

E

lobatum, Myzostomum 667, 680

lofotensis, Rhizocrinus 82,

564, 622, 623, 646, 647, 648, 687, 727

longicirra, Asterometra 214, 754

longicirrum, Myzostomum 664, 681

longipes, Myzostomum 659

longipinna, Prometra 596

lonsrirostris, Galathea 630
lores

, Himanthalia 600, 612

luricata, Gemellaria 615, 650, 685

loveni, Antedon 662

Asteronyx 636

Compsometra 52, 53, 76. 265,

281, 292, 373, 374, 375, 527, 577,

578, 579, 581, 584, 585, 589, 595

Loxosomatida 650

Loxosomella antedonis 615, 650, 685

lusitanica, Thalassometra 229, 721, 729

liitkeni, Comissia 197,232,

277, 292, 595, 705, 730, 732, 733, 735, 737

Myzostomum 661, 681

macrobrachius, Capillaster 594

Macrorheira krcmpferi 576

macrodiscus, Tropiometra 33, 38, 74,

213, 223, 247, 279, 280, 285, 291, 292, 370,

371, 372, 374, 510, 581, 595, 654, 719, 753

macronema, Ptilometra 44, 141, 251,

278, 412, 596, 721, 731, 734, 735, 737, 753

Macrophreata 49, 80, 81,

100, 110, 114, 133, 134, 140, 142, 148, 149, 150,

151, 156, 157, 165, 167, 169, 184, 209, 210, 216,

219, 302, 308, 352, 410, 413, 577, 578, 579, 584

macropoda, Asterometra 43, 44,

74, 215, 252, 278, 283, 285, 385, 721, 728

Macrura, Decapoda 623

maculata, Comatella 7, 71,

83, 231, 277, 291, 594, 597, 602, 604

madagascarensis, Heterometra 595

magellanica, Florometra 271, 281, 292, 298, 303

magna, Oceanometra 108, 171

magnifica, Catoptometra 238,

278, 291, 596, 714, 730, 731, 732, 736

Comantheria 594

Pectinometra 276, 349

magnipeda, Pterometra 252, 278, 721, 728

magnipinna, Ilimerometra 205,

207, 278, 291, 346, 595, 714, 730

maldivensis, Rynalphcus stimpsonii 614,

623, 624, 625

mamillatus, Heterocenlrotus 623

raanra, Cyllometra 147, 596, 669. 682, 754

margaritacea, Crinometra 216, 338, 349

margnritifera, Mariametra 79, 125, 217, 269, 346

marginatum, Myzostomum 661
,
680
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maria, Capillaster 112, 594, 704, 728

Florometra 221, 270, 281, 292, 724, 72!)

Mariametra 88,

99, 105, 145, 148, 210, 212, 214, 226, 310

delicatisaima 244,

281, 291, 596, 718, 730, 731, 734, 736

margaritifera 79, 125, 217, 269, 346

subcarinata 26, 31, 72, 87,

199, 216, 242, 278, 291, 338, 346, 596

tuberculata 124. 596

vicaria 596

Mariametridse 23,

30, 78, 99, 105, 118, 144, 146, 148, 169, 209,

210, 211, 225, 226, 228, 242, 282, 293, 294,

308, 310, 417, 595, 596, 603, 717, 743, 744

martensi, Himerometra 25, 26, 70, 79 39, 118,

180, 185, 227, 229, 239, 261, 281, 291, 346, 595

Marthasterias glacialis 636, 677, 678

maruteensis, Arete 623

Mastigometra 225, 310, 312, 313

flagellifera 349, 595

micropoda 298, 595

pacifica 595

mathaei, Echinometra 623

mauritiana, Dorometra 595,

664, 684, 723, 731, 732, 733, 735, 743

maxima, Heliometra 81,

86, 268, 281, 292, 296, 299, 300

maximus, Pecten 523

mediterranea, Antedon 52, 53, 73, 95, 119, 150,

219, 225, 315, 316, 320, 321, 324, 325, 330,

331, 337, 339, 342, 343, 344, 345, 348, 350,

351, 355, 359, 360, 367, 373, 374, 375, 409,

410, 411, 413, 414, 416, 418, 424, 430, 431,

432, 433, 497, 499, 509, 526, 527, 578, 579,

580, 581, 582, 583, 584, 585, 588, 589, 590,

595, 609, 610, 611, 622, 646, 648, 654, 660,

663, 677, 678, 684, 690, 694, 695, 696, 697,

723, 729, 730, 731, 732, 733, 734, 735, 736

Megadenus 645, 646

Melampyruni 616

Melanella 616, 618, 645, G46, G49

capensis 614, 616, 648, 681

elongata 648

sp 614, 648, 649, 683, 687

Melanellidse 616, 645

membranaceum, Myzostomum 669, 682

Membranipora 503

meridionalis, Comactinia 16,220,222,225,

233, 280, 291, 312, 341, 370, 374, 509, 513,

514, 518, 549, 555, 577, 578, 579, 580, 581,

582, 583, 584, 585, 586, 588, 589, 590, 596,

662, 663,665, 666, 668, 672, 681, 706, 725

var. quadrata, Actinometra 662

Page.

Meristocrinus 206

Mespilocrinus 204

metacrini, Myzostomum 670, 686

Metacrinus 114, 116, 183, 195, 344,

410, 417, 520, 622, 638, 639, 640, 642, 685

acutus 83, 215, 643, 685, 726

angulatus 638, 664, 685, 726, 747, 749

cingulatus 520, 638, 639, 685, 726, 747, 749

costatus 638, 639, 664, 686, 726, 749

interruptus 638, 639, 649, 671, 686

moseleyi 638, 639, 671, 686, 726, 749

murrayi 638,639

?murrayi 638, 747, 749

nobilis 638, 639, 686, 726, 747, 749

nobilis sumatranus 726

nodosus 726, 747, 749

rotundue 84, 170, 296,

300, 376, 657, 666, 669, 670, 671, 686, 726, 755

tuberosus 638, 645, 686, 747, 749

varians 638, 639, 686, 726, 747, 749

wyvillii 638,639,726 747,749

zonatus 637,686

Metichthyocrinus 204

micans, Prorocentrum 677, 684

micraster, Comatula 13,

15, 71, 95, 207, 255, 319, 341

Microcomatula 305

microdiscus, Zygometra 79, 236,

278, 291, 297, 299, 300, 413, 417, 595,

612, 620, 632, 658, 659, 667, 682, 713,

730, 731, 732, 733, 734, 735, 736, 737

micropoda, Mastigometra 298, 595

microtuberculatus, Echinus 590

Milberti group 101

milberti, Amphimetra 595

miniaceum, Polytrema 615,622,676,680
var. alba, Polytrema 680

minima, Decametra 596

minimus, Comaeter 106,

234, 278, 291, 292, 596, 706, 730, 731, 733, 736

minuta, Galathea 614, 631, 681

oculata, Polynoe 614, 650, 681

minutus, Echinocheres 636

mirabilis, Ophiopholis 615, 643, 685

Rhabdopleura 564, 567, 615, 623, 687

mirifica, Asterometra 143, 145

modica, Decametra 595

Modiola modiolus 503

modiolus, Modiola 503

moebianum, Myzostomum 664, 683, 684

moerens, Ophiomaza 614, 641, 644

molleri, Amphimetra 595, 673, 674, 682

mollis, Decametra 595
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Mollusra 645

moluccana, Euantedon 596

monacantha, Stephanometra 79,

118, 145, 147, 223. 241. 266, 278,

291, 346, 519, 520, 595, 597, 717

Monachocrinus 82

sexradiatus 82, 91

Monachometra 80, 217. 282

fragilis 262, 279. 286, 399

Monocystidea 679

moroccana, Antedon 298,

312, 431, 432, 509, 526, 581, 595, 597, 610

mortenseni, Crinometra 2S7

Mucronalia 645, 646

mulleri, Ptilometra 42, 43, 72, 86,

139, 199, 213, 227, 229, 251, 276, 278, 279, 286,

297, 299, 300, 349, 413, 520, 549, 577, 578, 579,

580, 581, 583, 584, 585, 588, 589, 590, 596, 753

Syncystis 679

multibrachiata, Comaster 234,

255, 278, 280, 292, 341, 594, 754

multicolor, Neometra 40,

43, 227, 229, 720, 730, 731, 732, 733, 736, 737

multifida, Comaster 175, 220, 312, 594

multiradiata, Oapillaster 6,9,70.

95, 112, 114, 118, 121, 131, 205, 231, 243, 277,

280, 291, 297, 299, 300, 305,317,594,597, 647,

667, 680, 704, 729, 730, 731, 733, 735, 736, 754

multispina. Thalasaometra 521,522

murrayi, Metacrinua 638, 639

?murrayi, Metacrinus 638, 747, 749

raurrayi, Myzostomum 618, 673, 683, 684

murrhina, Sigsbeia 615, 641, 686

Musophagidce 748

mylitla, Decametra 246,280,281,293,596

myzoatoma, T;cnia 674, 675

myzostomatis, Amoeba 675

Distoma 675

Myxostomida 651

My/.ostomum 342, 654, 656, 657, 670, 671

abundans 666, 680

aRassizii 664, 683, 6S4

alatum 659, 684

ambiguum 666, 680, 681

anlarclicura 670, 685

antcnnatum 666, (>S1, 6S6

areolatum 662, 681

asteria; 657, 673

asymmetric-urn 670, 686

beardi 671, 683

belli 671, 686

bicaudatum 668, 681

brachiatum. . . . 063, 667, 680

Page.

Myzostomum brevicirrum 663, 681

brevipea 661,673,683
bucchichii 669, 684

calycotyle 662, 686

caribbeanum 665

carinatum 618, 668, 680, 681, 685

carpenteri 661, 685

cerriferoidum 663, 682, 683

chelonium 661, 683

chelonoidium 661, 683

chinesicum 659

circinatum 664, 686

cirrifemm 616, 653, 654, 655, 663, 684, 685

cirripedium 669, 686

clarki 671,686

compressum 662, 686

coriaceum 662, 682

cornutum 618, 667, 685

coronatum 668, 686

costatum 660, 680, 681, 682

crenatum 663, 681

croBslandi 670, 682

cryptopodium 671, 686

cubanum 670

cyeticolum 616, 618, 672, 681, 685

cyeticolum var. cystihymenodes 672, 685

orientate 672, 683

deani 670, 685

deformator 672, 686

dentatum 665, 680, 681, 682

dubium 664, 682

echinus 659, 680, 681, 682, 683, 684

cleRans 618, 666, 681

elongatum 665, 682

eremita 671, 686

evermanni 666, 681

excisum 618, 665, 684, 685

filicauda 668, 684

filiferum 668, 682

fimbriatum 665, 685

fieheri 673

fissum 667, 682, 683

folium 669, 682

furcatum 668

ji<;anteum (jtjQ, 685

Kigaa 618, 660, 683, 685

glabrum 654, 655, 660

Kraffi 661, 674, 685

horoloRium 620, 658, 680, 682

inflator 618, 673, 680, 684

intermedium 667, 682

irrogulare 665, 681

japonicum 618, 669
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Myzostomum labiatum 659, 683

lobatum 667, 680

longicirrurn 664, 681

longipes 659

lutkeni 661, 681

mar<rinatum 661, 680

membranaceum 669, 682

metacrini 670, 686

moebianum 664, 683, 684

murrayi 618, 673, 683, 684

nanseni 669

nigrescens 663, 681

oblongum 666, 681

pallidum 661, 680, 681

parasiticum 617, 653, 654, 660, 675, 684

pentacrini 671, 686

pictum 663, 683

platypus 670, 675, 681

plicatum 660, 680

pulvinar 617, 653, 654, 662, 684

quadricaudatum 667, 682

quadrifilum 667, 682

radiatum 662, 681

rotundum 666, 681

rubrofasciatum 660

schultzeanum 663

smith! 669, 683

tenuispinum 672, 683, 684

testudo 661, 680

thomsoni 663

triste 662, 681

tuberculosum 655, 660

vastum 618, 664, 681

verrucosum 665

vincentinum 668, 686

wheeleri 669,686

willemoesii 672, 683

wyvillethomsoni 664, 685, 686

Bp 673, 674, 682, 684, 685

nana, Dorometra 298,

349, 595, 596, 597, 607, 723, 730, 731

Nanometra 101

bowers! 65, 67, 77, 267, 729

elymene 267,281

nanseni, Myzostomum 669

naresi, ThaumatocrinuB 754

naresianus, Hypalocrinus 86,

299, 300, 638, 639, 664, 686, 726, 747, 749

Navicula 612

neglecta, Stolasteriaa 673

Nemaster 87, 91, 110, 111,

114, 116, 130, 140, 142, 211, 284, 312, 606, 744

Page.

Nemaeter discoidea 6,

9, 71, 232, 243, 277, 311, 661, 680, 705, 725

grandis 232, 280

iowensia 112, 197,230,232,

243, 280, 311, 594, 661, 680, 705, 725, 729, 745

irregularis 112, 594

lineata 243, 311, 594

rubiginosa 9,

71, 96, 111, 232, 277, 280, 285, 366, 661, 680

nematodon, Heterometra 595,

714,731,732,734,735,737

Neocomatella 87,

91, 114, 116, 130, 167, 169, 309, 618

alata 231, 243, 280, 292, 366, 372, 668

pulchella 6, 7, 71, 81, 104, 231, 280,

285, 292, 314, 315, 320, 356, 376, 666, 673, 680

Neometra 11, 418

acanthaster 249, 278, 293

alecto 248, 249, 278, 293, 405

conaminia 249,

278, 293, 405, 720, 730, 731, 733, 736, 737

diana 130, 216

gorgonia 249,

278, 293, 405, 720, 731, 733, 735

multicolor 40, 43,

227, 229, 720, 730, 731, 732, 733, 736, 737

spinosissima 276, 353

Nepiometra Isevis 754

nigra, Comatella 5, 6, 70, 83, 90,

205, 231, 235, 237, 277, 291, 309, 330, 348, 369,

374, 594, 597, 667, 680, 703, 730, 731, 732, 735

nigrescens, Myzostomum 663, 681

nigrolineata, Coccometra. . . . 217, 267, 281, 373, 374

Nipterocrinus 204

nitida, Verruca 614, 639, 685

nobilis, Actinometra 670

Metacrinus 638, 639, 686, 726, 747, 749

sumatranus, Metacrinus 726

nodosus, Metacrinus 726, 747, 749

notata, Actinometra 178

Notocrinus 151

virilis 230, 272,

279, 320, 367, 368, 369, 511, 616, 618, 675, 684

novseguinese, Comaker 83, 87, 90,

175, 176, 220, 233, 277, 292, 312,

341, 594, 597, 599, 659, 681, 706

novaezealandiae, fomanthus 596

nudus, Phrynocrinus 727

nutrix, Thaumatometra 230,275,278,

292, 368, 369, 408, 575, 578, 579, 580, 581, 583

obesum, Chordeumium 636

oblongum, Myzostomum 666, 681
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obscura, Ophiocnemis 640

Ophiomaza 614, 641, 644, 680, 681

Obscure larval cirripede 639

occidental, Annametra 647, 648, 681, 723

Oligometra 595, 664, 683

Oceanometra 80, 110, 211, 212, 214, 282

annandalei 108, 173, 258, 279. 283

gigantea 83, 105,

108, 168, 214, 215, 227, 229, 256, 258, 279,

288, 292, 419, 721, 729, 730, 731, 733, 737

magna 108, 171

oculata, Polynoe minuta 614, 650, 681

odontophorus, Synalpheup 623

cedipus, Ophiocreas 669

Oligometra 35, 36, 99, 140, 145, 158, 184, 210

caledonise 147, 595

carpenteri 147, 148, 211, 247, 281, 291, 596

chinensis 595

electrae 596

erinacea 596

imbricata 273, 595

j aponica 147, 595

occidental 595, 664, 683

serripinna 33, 37,

72, 147, 148, 211, 217, 227, 247,

273, 278, 281, 292, 293, 366, 595

Oligometridea 99, 145, 146

adeonse 246,

280, 281, 284, 293, 372, 595, 597, 719,

730, 731, 732, 733, 734, 735, 736

Oligophreata 50,

97, 100, 110, 114, 134, 140, 142,

144, 148, 149, 151, 157, 165, 167,

169, 184. 209, 211, 216, 302, 308,

352, 410, 577, 578, 579, 584

omiasa, Thalasaometra 721, 729

Onychocrinus 204

Ophiacantha sphaerulata 678

spp 615, 642, 685

Ophiacanthidte 642

Ophiactis 617, 619, 641, 642, 643

dclicata 614,641,642,681

sp 615, 641, 642, 682

Ophiooethiops 617, 619

elegans 614, 641, 644

unicolor 614, 641, 644

Ophiocnemis obscura 640

Ophiocoma, sp 615, 641, 642, 681

ophiocomie, Urceolaria 678

Vorticella 678

Ophiocomida; 642

Ophiocreas cedipus 669

Ophioglypha tumulosa 675

Page.

Ophiolebes scorteus 615, 642, 684

Ophiolepididse 644

Ophiomaza 617, 619, 620, 640, 641, 643

cacaotica 614, 618, 640, 643, 680, 681, 682

cacaotica var. picta 614,641,644,681

cataphracta 614, 641, 644

mcerens 614, 641, 644

obscura 614, 641, 644, 680, 681

Ophiomusium, sp 615, 644, 683

Ophiopholis 642

mirabilis 615, 643, 685

Ophiophthirius 617, 619

actinometae 614, 641, 644, 680

Ophiosphfcra 617, 619

insignis 614, 641, 644

ophiothricis, Cyclochseta 678

Ophiothrix 643

crassispina 646

deposita 646

fragilia 678

Ophiotrichidae 643

ophiura, Catoptometra 114, 239,

281, 297, 299, 300, 371, 374, 596,

714, 729, 730, 731, 732, 736, 743

Ophiuran pluteus 645, 686

Ophiuricola cynips 658, 675

Ophiuroidea 640

Orchidaccae 615

Oreometra 110

oriontale, Myzostomum cysticoluni var... 672, 683

orion, Parametra 43, 47, 74, 163, 199, 256,

279, 349, 721, 728, 730, 731, 732, 733, 735, 736

ornate, Cotylometra 129, 210, 214, 273, 596

Orthonectidie 675

Ostracoda 637

ostracod, Parasitic 614, 617, 686

owstoni, Prometra 221, 227, 229, 596

oxyacantha, Stephanometra .... 145, 595, 674, 715

Oxymetra 99, 214

aranea 242, 269, 278, 280, 293, 596, 717, 728

erinacea 595

finschii 95, 122, 242, 278, 281, 291, 292, 595

tenuicirra 596

Pachylasma crinoidophilum 615, 639, 685

Pachylometra 80, 87,

88, 101, 109, 110, 129, 151, 169, 210, 216, 217

distincte 199, 259, 260, 279, 335, 405, 412

imcqualis .... 49, 75, 230, 260, 659, 667, 672, 683

levigate 335, 722, 729

pacilioa, Mastigometra 595

pacificus, Bathycrinus 727

Palifiocomatella 114,116

dillicilis... 754
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pallidum, Myzoatomum 661, 680, 681

palmata, Lamprometra 244,

269, 278, 291, 292, 595, 597, 622, 650, 660, 682,

718, 728, 729, 730, 731, 732, 733, 735, 736

?Lamprometra 732, 733

papuensis, Amphimetra. . . 20, 72, 241, 281, 291, 595

Paracentrotua 591

lividue 590, 636, 677

Parametra 80, 87, 88, 99, 105, 156, 214, 217

compressa 754

crassicirra 730

fisheri 164, 721, 730

granulata 256, 279, 297, 299, 300, 435

orion 43, 47, 74, 163, 199, 256,

279, 349, 721, 728, 730, 731, 732, 733, 735, 736

Parasitic gasteropod 649

hydroid 615, 687

internal worm 617, 681

ostracod 614, 617, 686

parasiticum, Myzostomum 617,

653, 654, 660, 675, 684

Parichthyocrinus '. 204

parilis, Amphimetra. 241, 280, 293, 371, 374, 595, 599

paroe, Endoxocrinus 79, 299, 300, 726, 727

parva, Decametra 246, 281, 291, 293, 596

Parvicirra group 78

parvicirra, Comanthus 78, 79, 88, 93,

94, 110, 118, 121, 257, 278, 292, 304, 320, 327,

330, 344, 350, 351, 375, 594, 596, 597, 606, 622,

627, 631, 659, 660, 661, 662, 663, 664, 666, 675,

681, 713, 729, 730, 731, 732, 733, 734, 735, 754

Dorometra 265, 366, 595

parvipinna, Strotometra 191, 754

parvus, Comaster.. 17,20,71,79,199,234,257,278,

292, 323, 341, 596, 706, 730, 731, 732, 733, 735

patula, Perissometra 209,

259, 260, 279, 297, 299, 300, 754

paupera, Toxometra 265,

281, 285, 291, 362, 595, 723, 729

Pecten maximua 523

Pectinaria hyperborea 566

pectinata, Comatula 12,

15, 71, 86, 95, 100, 102, 176, 177, 233, 245,

250, 280, 291, 292, 341, 519, 594, 597, 705

pectinifer, Comisaia 594

Pectinometra 210

acanthaster 211

carduum 134, 249, 251, 278, 293

flavopurpurea 197, 251, 278, 293,

349, 720, 730, 731, 732, 733, 734, 735, 736, 737

magnifica 276, 349

Pedicularis 616

Pelseneeria 645, 646

Peltogaster 637

pentacrinarum, Scalpellurn 614,621,638,686

pentacrini, Myzoatomum 671, 686

Pentacrinitida: 726

Pentacrinus. . 116, 183, 725

europceus 431, 432, 656

Pentametrocrinidse 3, 68,

80, 81, 107, 114, 116, 126, 129, 131, 141,

144, 156, 170, 183, 192, 202, 216, 225, 228,

275, 282, 302, 308, 310, 375, 418, 725, 743

Pentametrocrinus 76, 87, 107, 110, 125, 138,

142, 180, 181, 184, 194, 224, 304, 310, 312, 726

atlanticus 225, 310, 312

diomedese 725, 729

japonicus 67, 68, 76,

275, 277, 280, 281, 292, 2!)9, 300, 374, 725, 729

semperi 69, 76, 225, 228, 310, 312

tuberculatus 79, 197, 277, 2SO, 281, 374

variana 215,

277, 280, 281, 285, 292, 353, 374, 378, 725, 729

sp 329, 590, 729

peregrina, Comissia 211,

232, 245, 595, 705, 729, 732, 737

pergamena, Aatroceras 669

pergracilis, Thalassometra 754

Periclimenes 616, 617, 619

brocketti 614

ceratophthalmus 614

commensalis 614, 629, 681

cornutus 614

(Cuapetea) brocketti 629

pottsi 629

(Laomenes) ceratophthalmus 629

cornutus 629

(Periclimenes) commensalis 628

pottsi 614, 681

(Periclimenes) commensalis, Periclimenes.. 628

Peridinium tripos 612

Perisiphonidse 676

Perissometra 80, 87, 88, 101
,

105, 109, 110, 129, 151, 152, 210, 214, 216, 217

angusticalyx 49, 75,

101, 152, 224, 230, 359, 672, 683, 754

flexilis 644, 671, 672, 683, 754

lata 216, 223, 259, 260, 279, 329, 722, 729

macilenta 287,335

patula 209, 259, 260, 279, 297, 299, 300, 754

robuata 754

selene 182, 216, 259, 279, 287, 353, 385, 392

Peritricha 678

Perometra 101, 141, 147, 184, 216, 217

afra 80, 104

diomedese 39, 53, 56, 74, 104,

140, 227, 267, 284, 362, 724, 731, 733, 735, 737

pusilla 101, 754
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Perometrina;. 56, 80, 101, 105, 139, 140, 169, 724, 743

perplexa, Florometra 60, 62

74, 79, 107, 303, 670, 685, 724, 729

persica, Himerometra 146, 207, 261, 595

perspinosa, Colobometra 595, 597, 662, 682

Petasometra 99, 110, 184

Clara 127, 595

helianthoides 596

petasus, Antedon 51, 52, 53, 73, 91, 95, 103

132, 150, 197, 215, 220, 225, 264, 278, 281
'

284, 291, 298, 349, 366, 523, 524, 577, 578'

579, 580, 581, 583, 585, 588, 589, 590, 595^

660, 663, 684, 722, 729, 731, 733, 736, 737

petersi , Hygrosoma 636

phalangium, Leptometra. . . 221, 227, 272, 373, 374,

375, 528, 582, 659, 662, 684, 696, 724, 729, 743

philiberti, Heterometra 20, 28,

72, 131, 217, 239, 261, 280, 293, 595

Philichthys amphiurs 636

phlippinensis, Cosmiometra 721,728

phormosomae, Pionodesmodes 636

Phrynocrinidae 727

Phrynocrinus 165, 580, 745, 746

nudus 727

picta, Ophiomaza cacaotica var. . 614, 641, 644, 681

Tropiometra 33, 40, 74,

81, 82, 87, 89, 114, 183, 221, 248,

280, 281, 291, 297, 299, 300, 301,

330, 332, 344, 346, 371, 374, 376,

410, 416, 510, 520, 581, 593, 594,

595, 597, 598, 606, 613, 6GO, 683,

689, 691, 692, 693, 694, 719, 729,

730, 731, 732, 733, 736, 744, 753

pictum, Myzostomum 663,683

pinguis, Comanthus 118, 149, 199,

236, 245, 278, 291, 341, 594, 666, 681

Pinna 46,48

piunatus, Ptilocrinus 299,

300, 646, 647, 648, 687, 727

pinniformia, Amphimetra 595

Pionodesmodes phormosonwe 636

Pionosyllis 678

planifrons, Laphyatiopsis 634, 635

platypus, Myzostomum 670, 675, 681

plectrophonim, Comanthus 596

Plicatocrinidie 165,410,580,727

plicatum, Myzostomum 600, OSO

pluteus, Ophiuran 645, 686

Poecilometra 80,

100, 105, 151, 210, 224, 226, 282, 375

acoela 49, 75, 152, 228, 230, 359, 754

acalariB 79, 186, 221,

263, 279, 280, 289, 293, 412, 722, 729

Page.

Polychaeta, Annelida 650

polycnemis, Comantheria 79,234,278,291,596

polynephris, Protomyzostoma 617, 658, 674

Polynoe 617, 618, 619, 620, 622, 650

crinoidicola 614, 650

minuta oculata 614, 650, 681

Polynoidse 650

Polynoid worm 682

Polytrema miniaeeum 615, 622, 676, 680

miniaceum var. alba 680

Polyzoa 649

pontifer, Thalassocrinus 727

Pontiometra 30, 31, 09, 88, 99, 140,

146, 180, 181, 214, 217, 226, 282, 417

anderaoni 30, 33, 83, 103, 120, 123,

124, 138, ISO, 181, 205, 213, 228, 242,

279, 285, 291, 346, 372, 595, 717, 729

Pontomidae 622, 628

Pontoniopsis 617, 619

comanthi 614,621,629,681
Porifera 676

Porites 598

porrecta, Crotalometra 521
, 522,

577,578,579,580,581,583,

584, 585, 588, 590, 721, 728

Posidonia 695

pottsi, Periclimenes 614, 681

Periclimenes (Cuapetes) 629

pourtalesii, Antedon 661

Priofmus cinereus 637

pristina, Zygometra. . . . 174, 714, 730, 732, 733, 737

producta, Heterometra 95, 148, 211

Proisocrinus 105

ruberrimua 727

prolixa, Hathrometra... 57, 62, 63, 77, 230, 274, 2S1,

284, 285, 292, 303, 362, 530, 535, 537, 539, 549,

559, 562, 573, 577, 578, 570, 5SO, 5S1, 5S'.
1

. 583,

584, 585, 587, 588, 589, 590, 049, r,50, Of>l. 000,

661, 663, 676, 679, 685, 724, 730, 732, 733, 735

Promachocrinus 81, 82, 85, 105,

116, 142, 169, 204, 206, 310, 347, 554,

555, 556, 558, 559, 5ti:i. 5^4, 5S7, 593

kerguelensia. . 58, 77, 81, 20S, 27s, 27''. jso. L'sf>,

293, 297, 299, 300, 347, 378, r,:;i), 532, 533, 538,

541, 545, 549, 553, 557, 577, 578, 570, TiSn. 68 1
,

583, 584, 585, 587, 588, 580, 500, 724, 7L>!, 73d

Promelra 9!), 140, Us. IS !

chadwicki 240, 281, 291,

292, 590, 060, 670, 682, 719, 730, 732, 733, 730

intermedia 590

longipinna 500

mvstoni 221, 227, 229, 596

propinqua, Aglaomctra 721, 729
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propinqua, Gephyrometra 249,

278, 293, 720, 730, 731, 734, 735

Heterometra 595, 596

Prorocentridee 677

Prorocentrum 677

dentatum 677

micans 677, 684

rostratum 677

sp 677

Protaxocrinus 206

protectua, Lamprometra 26, 34, 72, 123,

124, 138, 199, 244, 269, 278, 293, 346, 519,

520, 580, 595, 597, 659, 665, 667, 682, 717,

730, 731, 732, 733, 734, 735, 736, 737, 743

?Lamprometra 577,

578, 579, 580, 583, 584, 585, 589, 590, 732

Protomyzostoma polynephris 617, 658, 674

Psathyrometra 148, 216, 284, 576

antarctica 271, 281, 285, 292, 362

borealis 271, 281, 292

erythrizon 79, 221, 724, 729

fragilis 61, 62,

77, 271, 281, 292, 299, 300, 373, 374, 724, 729

gracillima 271, 281, 292, 298

psyche, Andrometra 265, 281, 292

Psygnobranchus 678

Pterometra 80,

88, 99, 101, 147, 169, 211, 214, 217

magnipeda 252,278,721,728

pulcherrima 252,

278, 721, 729, 731, 732, 734, 736, 737

splendida 252, 278

trichopoda 137, 214, 252, 276, 278, 329

venusta 721, 731, 733, 735

Pterosyllis 678

ptilocrinicola, Eulima 646, 647

Sabinella 614, 648, 687

Ptilocrinus 160, 162, 165, 517

antarcticus 727

pinnatus 299, 300, 646, 647, 648, 687, 727

Ptilometra 80,

85, 87, 88, 90, 99, 147, 169, 217, 252, 302, 413

macronema 44, 141,

251, 278, 412, 596, 721, 731, 734, 735, 737, 753

mulleri 42,43,72,86,

139, 199, 213, 227, 229, 251, 276, 278, 279, 286,

297, 299, 300, 349, 413, 520, 549, 577, 578, 579,

580, 581, 583, 584, 585, 588, 589, 590, 596, 753

Ptilometrinse 42, 105,

128, 131, 132, 133, 134, 135, 149, 152,

169, 214, 282, 308, 596, 721, 743, 744

pubescens, Thalassometra 177, 227, 229

pulcher, Comaster 596

142140 21 Bull. 82 52

Page.

pulcherrima, Pterometra 252,

278, 721, 729, 731, 732, 734, 736, 737

pulchra, Crinometra 338

Heterometra 240, 280, 291, 596

pulvinar, Myzostomum 617, 653, 654, 662, 684

punctata, Zygometra 596,

597, 599, 714, 729, 730, 731, 732, 735, 737

purpurea, Comatula 95,

176, 177, 250, 319, 329, 594, 597, 598,

604, 605, 626, 643, 680, 692, 705, 729

purpureum, Cyclotelson 614, 621, 633, 681

purpureus, Spatangus 679

pusilla, Perometra 101, 754

Pycnosaccus 204

quadrate, Actinometra meridionalis var 662

quadricaudatum, Myzostomum 667, 682

quadrifilum, Myzoetomum 667, 682

quincunciale, Sperosoma 636

quinduplicava, Heterometra 108,

110, 240, 280, 293, 297, 299, 300, 519, 520, 595

quinquecostato, Stenometra 48,

75, 254, 256, 279, 754

radiatum, Myzostomum 662, 681

rangii, Holopus 726, 755

rawBonii, Democrinus 727

regalis, Liparometra 595, 597

renovatus, Thaumatocrinus 81,

220,225,312,517,590

reynaudii, Heterometra 26,27,

72, 240, 261, 280, 293, 595, 643, 647, 648, 682

Rhabdammina abyssicola 561, 568

Rhabdopleura 615

mirabilis 564, 567, 615, 623, 687

Rhabdostyla arenaria 679

sp 679

Rhizocephala 637

Rhizocrinus 82,

160, 162, 200, 497, 554, 569, 580, 613, 618, 727

lofotensis 82,

564, 622, 623, 646, 647, 648, 687, 727

verrilli 82, 649, 687

Rhopalura 675

Rhynchonella 561

richardi, Asterias 673

robusta, Chondrometra 216, 260, 279

Perissometra 754

robustipinna, Himerometra 207,

239, 278, 291, 346, 595

robustus, Bythocrinus 299, 300

rostratum, Prorocentrum 677

rotalaria, Comatula 12, 71, 79, 91, 124, 178, 199,

233, 245, 280, 294, 307, 319, 320, 341, 344, 594,

620, 632, 658, 659, 680, 705, 729, 730, 750, 754
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Rotaliidse 679

rotula, Comantheria 594

rotundum, Mj'zostomum 666, 681

rotundus, Metacrinus 84, 170, 296,

300, 376, 657, 666, 669, 670, 671, 686, 726, 755

rubens, Asterias 679

ruber, Erythrometra 53, 57, 76,

267, 281, 292, 329, 349, 724, 730, 731, 733, 735

mberrimus, Proisocrinus 727

rubiginosa, Nemaster 9, 71,

96, 111, 232, 277, 280, 285, 366, 661, 680

rubrofasciatum, Myzostomum 660

rubroflava, Catoptometra 238,

596, 714, 730, 731, 732, 736, 740, 745

rugosa, Chondrometra 297, 299, 300

rugosus, Thaumatocrinus 275, 278, 292

ruetica, Crotalometra 215

Sabinella 616, 617, 618, 645, 646, 647

capillastericola 614, 648, 680

ptilocrinicola 614, 648, 687

sp 614, 648, 682

Sagenocrinus 204

Salicornaria 503

samoana, Comanthus 135,

149, 236, 257, 278, 292, 327, 594, 597, 709

sanguinea, Delesseria 503

sanguinolenta, Henricia 547, 550, 554

Santalaceae 616

Sarametra 105,212,282,284,378

triserialis 221
, 271, 280, 285, 292, 724, 729

Sargassum 582

sarsii, Hathrometra 228, 275,

281, 303, 374, 524, 525, 529, 530, 561, 562,

564, 567, 572, 573, 577, 578, 579, 580, 581,

583, 584, 585, 587, 588, 590, 725, 732, 736

Hyponome 417, 612

eavignii, Heterometra 239, 261,

280, 293, 595, 622, 642, 645, 660, 670,

682, 715, 730, 731, 732, 733, 735, 736

scalaris, Pcecilometra 79, 186, 221,

263, 279, 286, 289, 293, 412, 722, 729

Scalpellinse 638

Scalpcllum album 614, 638, 685, 686

balanoides 614, 638, 685, 686

diceratum 614, 621, 638, 686

gonionotum 614, 638, 685

pentacrinarum 614, 621, 638, 686

weltnerianum 614, 638, 685

Bp 614, 638, 639, 683, 686

echlegelii, Comanthina 79, 95

109, 220, 222, 236, 257, 278, 312, 323, 341

376, 586, 594, 670, 671, 681, 708, 728, 754

Heterometra 595

Page.

chneideri, Lithocystis 679

chonovi, Comaster 594

chultzeanum, Myzostomum 663

citulus, Comissia 705, 729, 743

corteus, Ophiolebes 615, 642, 684

Scrophulariacese 616

selene, Perissometra 182,

216, 259, 279, 287, 353, 385, 392

semperi, Pentametrocrinus 69, 76, 225, 228, 310, 312

senta, Hybometra 596

sentosa, Capillaster 6,

8, 9, 71, 83, 92, 95, 130, 205, 231, 243, 277,

291, 317, 341, 594, 597, 643, 644, 680, 754

separata, Calometra 133,

349, 721, 730, 731, 732, 736, 737

sepositue, Echinaster 677

septentrionalis, Crossometra 335

Serpula 607

Serpulidas 615, 651

serrata, Comaster 341, 596, 706, 728, 743

Compsometra 221, 227, 229, 527, 581, 595

serratissima, Florometra 271,

281, 285, 292, 362, 581, 670, 685, 724, 729

serratus, Fucus 600

serripinna, Eudiocrinus 207, 596

Oligometra 33, 37, 72, 147, 148, 211, 217,

227, 247, 273, 278, 281, 292, 293, 366, 595

Sertularia 503

sexradiatus, Monachocrinus 82, 91

sibogse, Atopocrinus 165, 166

Comaster 596

Sigsbeia lineata 641, 643

murrhina 615, 641, 686

sinensis, Euantedon 596

singularis, Heterometra 207, 261, 595

smithi, Myzostomum 669, 683

socialis, Uintacrinus 83

sol, Himeromctra 596

Solanometra 85, 142, 170, 230

antarctica 58, 77, 347

Solaris, Comatula 12, 70, 91, 94, 176, 177,

205, 207, 220, 233, 245, 280, 294, 319,

350, 351, 519, 594, 597, 620, 632, 644,

658, 659, 660, 661, 665, 666, 668, 680

Solaster 637

solaster, Comanthus 98,

149, 185, 236, 278, 291, 594, 709, 731, 732, 735

Solenocaulon 623

eoluta, Cyllometra 273, 596

spanoBchistum, Comissia 369, 374, 595

Spatangus purpureus 679

speetabilis, Amphimetra 117,

147, 24 1,278,291, 37) ,374, 595
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Sperosoma quincunciale 636

Sphserechinus 591

granularis 590

sphserulata, Ophiacantha 678
s
picata, Stephanometra 145, 147, 519, 520, 595

)

597, 659, 665, 667, 669, 682, 717, 729, 732, 736

Spinifera group 80, 98

spinifera, Stylometra 43, 46, 74, 79, 88, 166,

227, 229, 253, 279, 283, 349, 639, 663, 664, 683

spinipinna, Stephanometra 595

spinosissima, Comissia 595

Spirorbis 503

Spirotricha 678

splendida, Pterometra 252, 278

Sporozoa 679

squamata, Amphiura 636, 675, 678

Stegopoma fastigatum 615, 676, 685

Stelechopus 617, 652

hyocrini 674,687

stelligera, Actinometra 178

Comatella 7, 70, 83, 231, 277, 291, 309, 594,

597, 604, 659, 660, 680, 704, 732, 734, 736, 755

Stenometra 132, 169, 214

cristata 254, 279, 392

diadema . . . 152, 254, 279, 647, 649, 683, 721, 728

quinquecostata 48, 75, 254, 256, 279, 754

Stephanactis 676

Stephanometra 88,

104, 118, 135, 145, 147, 210, 211, 602

echinus 79,145,147,207,241,

266, 278, 293, 595, 597, 674, 715, 729

indica 147, 595, 597

monacantha 79, 118, 145,

147, 223, 241, 266, 278, 291,

346, 519, 520, 595, 597, 717

oxyacantha 145, 595, 674, 715

spicata 145, 147, 519,

520, 595, 597, 659, 665, 667,

669, 682, 717, 729, 732, 736

spinipinna 595

tenuipinna 88, 145, 147, 266, 595

Stephanometridae 78, 99, 105,

144, 146, 148, 149, 169, 211, 214,

228, 241, 282, 293, 308, 310, 411

418, 595, 603, 715, 737, 743, 744

Stilifer 616, 618, 622, 645, 646, 647, 648

bathymetrae 614, 647

(Mucronalia) bathymetrsa 685

sp 614, 647, 648, 687

stimpsonii maldivensis, Synalpheus 614,

623, 624, 625

stimpsonii, Synalpheus 623

Synalpheus stimpsonii 623

Stiremetra 80, 105, 169, 214

breviradia 48, 75, 673, 683

Stolasterias 616

neglecta 673

Strotometra 80, 100, 151, 375, 385, 418

hepburniana 192, 264, 722, 729

ornatissima 209

parvipinna 191, 754

priamus 188

studeri, Decametra 147, 596

Stylina 616, 617, 622, 645, 646

comatulicola 614, 616, 646, 648, 684

Stylometra. ... 41, SO, 99, 105, 212, 214, 217, 226, 282

spinifera 43, 46, 74, 79, 88, 166,

227, 229, 253, 279, 283,

349, 639, 663, 664, 683

suavis, Colobometra 596

subcarinata, Mariametra 26, 31, 72, 87,

199, 216, 242, 278,

291,338,346,596

sulcatus, Atelecrinua 277, 280

sumatranus, Metarrinus no bills 726

Synalpheua 616, 617, 619, 620,

622, 623, 626, 627, 630, 632

albatrossi 623, 624

amboinas 623

brucei 614, 623,

624, 625, 626, 627, 680, 681

carinatus binongcensis 614, 623, 624, 625

carinatus 623

ubianensis 623

comatularum. . . 614, 618, 621, 623, 624, 625, 681

consobrinus 623

falcatus 624

odontophorus 623

stimpsonii maldivensis 614, 623, 624, 625

stimpsonii 623

sp 614, 627, 681

Synapa digitata 679

inharens 678,679

synaptee, Syncystis 679

Trichodina 678

Synaptocrinus 204

Syncystis holothurise 679

mulleri 679

synaptse 679

Synerocrinus 204

syringa, Calycella 615, 676, 685

Tsenia myzostoma 674, 675

tahitiensis, Euantedon 595

taprobanes, Decametra 244, 269, 281, 293, 595

taamanise, Comanthus 370

taviana, Comaster. . . 175, 207, 234, 278, 292, 595, 706
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Taxocrinus 204

Temnocrinus 206

tenella, Hathrometra 63,

64, 65, 66, 67, 77, 221, 274, 281, 292, 299, 300,

301, 349, 563, 577, 578, 579, 580, 581, 583, 584,

585, 587, 589, 590, 724, 731, 732, 733, 735, 743

tenelloides, Thysanometra 54,

62, 73, 131, 215, 265, 279, 292, 349, 723

tenuicirra, Capillaster 595

Comatula 596

Dichrometra 596

Oxymetra 596

tenuipinna, Stephanometra . . . 88, 145, 147, 266, 595

tenuis, Thaumatometra 66,

67, 76, 79, 275, 293, 674, 685, 729

tenuispinum, Myzostomum 672, 683, 684

ternata var. gracilis, Cellularia 566

testudo, Myzostomum 661, 680

Tethya 612

Thalassocrinus 162, 165

pontifer 727

Thalassometra 80, 87, 88, 99,

103, 105, 109, 110, 209, 210, 212, 214, 217, 230

agassizii 46, 230, 258

attenuata 283

hawaiiensis 175

lusitanica 229, 721, 729

multispina 521, 522

omisaa 721, 729

pergracilis 754

pubescens 177, 227, 229

villosa. 43, 45, 75, 227, 229, 279, 392, 435, 721, 729

Thalassometrida: 3, 41, 42, 80, 84, 99,

101, 102, 108, 110, 118, 119, 127, 136,

147, 148, 149, 150, 151, 156, 157, 169,

210, 212, 214, 218, 220, 225, 226, 228,

230, 251, 258, 282, 285, 293, 294, 310,

312, 410, 413, 418, 595, 596, 637, 721

ThalasBometrince 45, 105, 132, 134, 135, 140,

148, 149, 153, 209, 308, 595, 721, 725, 743

ThaumatocrimiB 81, 82, 85, 87, 105, 107, 110,

116, 125, 138, 184, 194, 304, 312, 587, 593

borealis 275, 280, 281, 292, 353, 725, 729

iiaresi 754

renovatus 81, 220, 225, 312, 517, 590

rugoeus 275, 278, 292

ep 114

Thaumatometra 170, 284, 576

cypria 667, 685,

imtrix 230, 275, 278, 292,

:n;s. :;oii, -108, r>7.
r
>, r>78, 579, 580, 581, 583

temiiB fid. (17, 70, 79, 275, 293, 074, 085, 729

?sp 575
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thetidis, Austrometra 227, 229, 273

Thiolliericrinus 578

thompsonii, Cyclocirra 656, 663

Thyca 645

Thysanometra 136, 170, 284

tenelloides 54,

62, 73, 131, 215, 265, 279, 292, 349, 723

Thysanometrinse 54, 141, 144, 170, 723, 729, 743

Thysanozoon 678

tigrina, Decametra 246, 281, 292, 595

Toxometra 141

paupera. . . . 265, 281, 285, 291, 362, 595, 723, 729

Trichasterida; 641, 669

Trichodina antedonis 678

synapte 678

Trichometra 101, 140, 146, 170

cubensis. . 62, 65, 77, 101, 275, 281, 285, 292, 362

isis 725,729

vexator 275, 278, 292, 725, 729

trichopoda, Pterometra. . 137, 214, 252, 276, 278, 329

trichoptera, Comanthus 79,

96, 149, 236, 278, 283, 291, 327, 594

Trichostomata 677

tripos, Peridinium 612

triqueta, Antedon 660, 664, 665, 666, 667

Comatula 660, 664, 665, 666, 667

triserialis, Sarametra 221
,

271,280,285,292,724,729

triste, Myzostomum 662, 681

Tropiometra 73, 82, 99, 104, 169, 214, 302,

304, 332, 365, 413, 594, 018. r,S9, 719

afra 79,80,

247, 279, 280, 291, 595, 597, 604, 719, 729

audouini 595, 597, 750

oarinata 40, 74, 247, l!7C>,

279, 291, 315, 332, 416, 595, 597, 664, 683, 719

encrinus 33, 38, 39, 74, 595

indic-a 248, 281, 291, 292, 595, 597

maiTodiscus 33. 38, 74,

213, 223, 247, 279, 280, 285, 291, 292. 370,

371, 372, 374, 510, 581, 595, 654, 719, 753

pirta 33, 40, 74, 81, 82, 87, 89, 114,

183, 221, 248, 280, 281, 291, 297, 299, 300,

301, 330, 332, 344, 346, 371, 374, 376, 410,

416, 510, 520, 581, 593, 594, 595, 597, 598,

606, 613, 660, G83, 689, 691, 692, 693, 694,

719, 729, 730, 731, 732, 733, 736, 744, 753

?picta 416

Tropiometridir 38,

99, 131, 13!!. M7. I 18. Mil, l.
r
i(l.

151.', 10!), L'l l,i;i!S, 1M7. L'SL', L'M.

IHIS. 310,312,418,595,71!' i

';

Truncatulina loliatula 015, 022, 079. t;.s.
r
,
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tuberculata, Mariametra 124, 596

tuberculatus, Pentametrocrinus 79,

197, 277, 280, 281, 374

tuberculosum, Myzostomum 655, 660

tuberosa, Glyptometra 216,

260, 279, 385, 523, 577, 578, 579,

580, 581, 584, 585, 588, 674, 683

tuberosus, Metacrinus 638, 645, 686, 747, 749

tubulata, Cancerilla 636

tubulosa, Holothuria 679

tumulosa, Opliioglypha 675

Tunicata 623

Tyrannidae 746

ubianensis, Synalpheus carinatus 623

Unitacrinus 85, 105, 106, 107

socialis 83

umbellate, Bonasa 353

Undetermined crustacean 614, 631, 640

worm 614, 675

Unicellular organisms 676

unicolor, Ophiosethiops 614, 641, 644

unicornis, Cenometra 33,

36, 79, 205, 213, 244, 278, 291, 292, 596, 719

Urceolaria ophiocomse 678

Urceolariidse 678

Uronema digitiformis 677

echini 677

Valida group 78

valida, Aglaometra 754

vallatus, Astrogomphua 615, 641, 686

varians, Metacrinus 638, 639, 686, 726, 747, 749

Pentametrocrinus 215,

277, 280, 281, 285, 292, 353, 374, 378, 725, 729

variegatus, Eudiocrinus 79, 207, 596

variipinna, Heterometra 595

vastum, Myzostomum 618, 664, 681

venusta, Pterometra 721,731,733,735

venustulus, Eudiocrinus 112, 238, 280, 293, 596

venustus, Leptonemaster 6, 10, 70, 73,

106, 197, 232, 245, 280, 284, 292,

293, 305, 341, 366, 594, 705, 725

vepretum, Colobometra 226,

246, 281, 293, 346, 595

verrilli, Rhizocrinus 82, 649, 687

Verruca 639

nitida 614, 639, 685

sp 614, 639, 685, 686

Verrucidse 639

verrucosum, Myzostomum 665

versicolor, Gephyrometra . . . 720, 730, 731, 733, 736

vesiculosus, Fucus 600

Page.

vexator, Trichometra 275, 278, 292, 725, 729

vicaria, Mariametra 596

villosa, Thalassometra 43, 45, 75, 227, 229,

279, 392, 435, 721, 729

vincentinum, Myzostomum 668, 686

violaceus, Echinocheres 636

virilis, Notocrinus 230, 272,

279, 320, 367, 368, 369, 511, 616, 618, 675, 684

vivipara, Isometra 153,

230, 274, 279, 281, 292, 365, 367, 368,

369, 375, 409, 410, 510, 528, 582, 613

Vorticella 525

amphiurse 678

ophiocomse 678

sp 678

Vorticellidse 678

Wachsmuthicrinus 204

wahlbergii, Comanthus 96,

239, 278, 292, 341, 514, 578, 582, 594, 709

weberi, Comantheria 596, 707

weltnerianum, Scalpellum 614, 638, 685

wheeleri, Myzostomum 669, 686

willemoesii, Myzostomum 672, 683

worm, Parasitic internal 617, 681

Polynoid 682

Undetermined 614, 675

wyvillethomsoni, Endoxocrinus 160,

343, 726, 745

Myzostomum 664, 685, 686

wyvillii, Metacrinus 638, 639, 726, 747, 749

Zenometra 101, 148, 212, 282

Zenometra columnaris 61,

62, 76, 101, 271, 281, 285, 292, 349, 378

Zenometrinee 60, 80, 139, 170, 216, 724, 743

Zostera 598, 600

Zygometra 88, 95, 109, 110,

146, 209, 226, 230, 308, 310, 413, 417, 659, 743

andromeda 595

comata 19, 20, 70, 83, 88,

238, 280, 284, 292, 346, 366, 595, 674, 682, 714

elegans 238,

278, 291, 346, 595, 620, 658, 659, 667, 682, 714

microdiscus 79, 236, 278, 291, 297, 299,

300, 413, 417, 595, 612, 620, 632, 658, 659, 667,

682, 713, 730, 731, 732, 733, 774, 735, 736, 737

pristina 174, 714, 730, 732, 733, 737

punctata 596,

597, 599, 714, 729, 730, 731, 732, 735, 737

Zygometridse 18,49,70,78,

99, 105, 110, 118, 148, 167, 169, 174, 175, 209,

210, 211, 214, 220, 225, 228, 236, 282, 293, 294,

308, 310, 312, 411, 417, 418, 595, 596, 713, 744
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